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Abstract: This paper focuses on a bargaining experiment in which the privately informed seller 
of a company sends a value message to the uninformed potential buyer who then proposes a 
price for acquiring the company. Participants are constantly in the role of either seller or buyer 
and interact over 30 rounds with randomly changing partners in the other role. We test how 
overstating the value of the company, underpricing the received value message and acceptance 
of price offers are affected by experience and gender (constellation). Like in our companion 
paper on single play (Di Cagno et al. 2015) we control via treatments for awareness of gender 
(constellation). One main hypothesis is that gender (constellation) matters but that the effects 
become weaker with more experience and that the main experience effects apply across gender 
(constellations).  
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1tT2`B2M+2 M/ :2M/2` 1z2+ib BM M
+[mB`BM;@@*QKTMv 1tT2`BK2Mi HHQrBM; 7Q` oHm2
J2bb;2b
.X .B *;MQ - X :HHB2`Þ- qX :Ƀi?ß- LX S+2Ȝ- GX SM++BQM2ǥ
a2Ti2K#2` kk- kyR8
#bi`+i
h?Bb TT2` 7Q+mb2b QM  #`;BMBM; 2tT2`BK2Mi BM r?B+? i?2 T`Bpi2Hv BM7Q`K2/ b2HH2` Q7
 +QKTMv b2M/b  pHm2 K2bb;2 iQ i?2 mMBM7Q`K2/ TQi2MiBH #mv2` r?Q i?2M T`QTQb2b
 T`B+2 7Q` +[mB`BM; i?2 +QKTMvX S`iB+BTMib `2 +QMbiMiHv BM i?2 `QH2 Q7 2Bi?2` b2HH2`
Q` #mv2` M/ BMi2`+i Qp2` jy `QmM/b rBi? `M/QKHv +?M;BM; T`iM2`b BM i?2 Qi?2`
`QH2X q2 i2bi ?Qr Qp2`biiBM; i?2 pHm2 Q7 i?2 +QKTMv- mM/2`T`B+BM; i?2 `2+2Bp2/
pHm2 K2bb;2 M/ ++2TiM+2 Q7 T`B+2 Qz2`b `2 z2+i2/ #v 2tT2`B2M+2 M/ ;2M/2`
U+QMbi2HHiBQMVX GBF2 BM Qm` +QKTMBQM TT2` QM bBM;H2 THv U.B *;MQ 2i HX kyR8V r2
+QMi`QH pB i`2iK2Mib 7Q` r`2M2bb Q7 ;2M/2` U+QMbi2HHiBQMVX PM2 KBM ?vTQi?2bBb
Bb i?i ;2M/2` U+QMbi2HHiBQMV Kii2`b #mi i?i i?2 2z2+ib #2+QK2 r2F2` rBi? KQ`2
2tT2`B2M+2 M/ i?i i?2 KBM 2tT2`B2M+2 2z2+ib TTHv +`Qbb ;2M/2` U+QMbi2HHiBQMbVX
E2vrQ`/b, #`;BMBM;- +?2T@iHF- 2tT2`B2M+2 2z2+i- 2tT2`BK2Mi- ;2M/2`- rBMM2`Ƕb +m`b2X
C1G, *d3c *NR
RX AMi`Q/m+iBQM
*?2T iHF ?b #22M b?QrM iQ BKT`Qp2 +QQ`/BMiBQM- 2X;X BM ;K2 2tT2`BK2Mib rBi? KmHiBTH2
2[mBHB#`B- M/ iQ +`Qr/ Qmi +QbiHv TmMBb?BM;- 2X;X BM mHiBKimK ;K2 2tT2`BK2Mib- r?2`2
Bi `2T`2b2Mib  H2bb +QbiHv Hi2`MiBp2 7Q` 2tT`2bbBM; QrM M;2` Q` /BbTTQBMiK2MiX *?2T
 GmBbb :mB/Q *`HB- _QK2- AiHvX 1@KBH, //B+;MQ!HmBbbXBi
ÞGmBbb :mB/Q *`HB- _QK2- AiHvX 1@KBH, ;HHB2`!HmBbbXBi
ßGmBbb :mB/Q *`HB- _QK2- AiHv- 6`MF7m`i a+?QQH Q7 6BMM+2 M/ JM;2K2Mi- Jt SHM+F AMbiBimi2 QM
*QHH2+iBp2 :QQ/b- "QMM- :2`KMvX 1@KBH, ;m2i?!+QHHXKT;X/2
ȜlMBp2`bBiv *Ƕ 6Qb+`B Q7 o2MB+2- o2MB+2- AiHvX 1@KBH, MXT+2!mMBp2XBi
ǥ.1.A M/ *1Aa- lMBp2`bBiv Q7 _QK2 hQ` o2`;iX 1@KBH, Hm+XTM++BQM2!mMB`QKkXBi
R
iHF Kv `2/m+2 Q` 2p2M `2bQHp2 i?2 T`Q#H2K Q7 bvKK2i`B+ BM7Q`KiBQM r?B+? +M H2/ iQ
MQ@i`/2 `2bmHib b BM K`F2ib 7Q` H2KQMb UF2`HQ7- RNdyV M/ BM i?2 +[mB`BM;@@*QKTMv
;K2 UaKm2HbQM M/ "x2`KM- RN38VX
hQ i?2 #2bi Q7 Qm` FMQrH2/;2- HBiiH2 `2b2`+? ?b #22M /B`2+i2/ iQr`/b i?2 `QH2 Q7 +?2T
iHF BM 2tT2`BK2Mib QM #`;BMBM; rBi? 7Q+mb QM 2tT2`B2M+2 M/ ;2M/2` 2z2+ibX *QMbB/2`BM;
+?2T iHF M/ ;2M/2`- .`2#2` M/ CQ?MM2bbQM Ukyy3V- b r2HH b 1`i M/ :M22xv UkyRRV-
}M/ i?i K2M `2 KQ`2 HBF2Hv iQ HB2 7Q`  KQM2i`v ;BM i?M rQK2M M/ >Qmb2` 2i HX
UkyRkV Q#b2`p2 i?i K2M `2 KQ`2 HBF2Hv iQ BM+Q``2+iHv `2TQ`i i?2 `2bmHi Q7  T`Bpi2 +QBM
~BT i?M rQK2M- v2i i?2v /Q MQi BMp2biB;i2 r?2i?2` i?Qb2 ;2M/2` /Bz2`2M+2b BM +?2T@iHF
T2`bBbi r?2M +QMi`QHHBM; 7Q` 2tT2`B2M+2X PM i?2 Qi?2` ?M/- 2p2M B7 b2p2`H bim/B2b BMp2biB;i2
;2M/2` /Bz2`2M+2b BM T`272`2M+2b M/ #2?pBQ` R- p2`v 72r DQBMiHv 7Q+mb QM 2tT2`B2M+2 M/
;2M/2` 2z2+ibX *b`B i HX UkyydV- r?Q bim/v i?2 rBMM2`Ƕb +m`b2 BM +QKKQM pHm2 m+iBQMb
iQ mM/2`biM/ ?Qr 2tT2`B2M+2/ #B//2`b H2`M iQ pQB/ Bi- }M/ i?i rQK2M `2 Km+? KQ`2
bmb+2TiB#H2 iQ i?2 rBMM2`Ƕb +m`b2 b BM2tT2`B2M+2/ #B//2`b i?M K2M rBi? i?Bb /Bz2`2M+2 /Bb@
TT2`BM; 7Q` 2tT2`B2M+2/ #B//2`bX h?2B` 2biBKi2b HbQ b?Qr i?i rQK2M H2`M Km+? 7bi2`
i?M K2M, i?2v bi`i Qmi #B//BM; Km+? rQ`b2 QMHv iQ +HQb2 Km+? Q7 i?2 ;T BM i?2 }MH
T2`BQ/bX 6m`i?2` >K M/ E;2H UkyyeV }M/ i?i 2p2M i?Qm;? BM2tT2`B2M+2/ rQK2M #B/
bm#biMiBHHv KQ`2 i?M K2M BM i?2 #2;BMMBM;- i?2v H2`M i  7bi2` `i2 M/ bm#b2[m2MiHv
+HQb2 i?2 ;2M/2` ;T BM Hi2` 2tT2`BK2MiH b2bbBQMbX P`iKMM M/ hB+?v URNNNV- 7Q+mbBM;
QM +QQT2`iBQM BM  T`BbQM2`Ƕb /BH2KK@ivT2 ;K2- }M/ i?i rQK2M +QQT2`i2 bB;MB}+MiHv
KQ`2 i?M K2M BM i?2 }`bi `QmM/ #mi i?i i?Bb /Bz2`2M+2 /BbTT2`b BM i?2 Hbi `QmM/X
q2 MHvx2 i?2 +QK#BM2/ 2z2+i Q7 +?2T iHF- 2tT2`B2M+2 M/ ;2M/2` BM  #`;BMBM;
2tT2`BK2Mi BM r?B+? i?2 T`Bpi2Hv BM7Q`K2/ b2HH2` Q7  +QKTMv b2M/b  pHm2 K2bb;2 iQ
i?2 mMBM7Q`K2/ TQi2MiBH #mv2` r?Q i?2M T`QTQb2b  T`B+2 7Q` +[mB`BM; i?2 +QKTMvX h?mb
R*`QbQM M/ :M22xv UkyyNV T`QpB/2 M 2ti2MbBp2 Qp2`pB2r Q7 ;2M/2` /Bz2`2M+2b /Q+mK2Mi2/ BM bim/B2b QM
`BbF iiBim/2- bQ+BH T`272`2M+2b UmHiBKimK M/ /B+iiQ` ;K2b- i`mbi M/ `2+BT`Q+Biv- T`BbQM2`Ƕb /BH2KKb-
bQ+BH /BH2KKb M/ Tm#HB+ ;QQ/ T`QpBbBQMV M/ +QKT2iBiBp2 #2?pBQ`X
k
i?2 +[mB`BM;@@*QKTMv ;K2- /2p2HQT2/ #v aKm2HbQM M/ "x2`KM URN38V- Bb KQ/B}2/
#v HHQrBM; 7Q` M BMBiBH U+?2T iHFV pHm2 K2bb;2 7`QK i?2 T`Bpi2Hv BM7Q`K2/ b2HH2` iQ
i?2 #mv2`- r?Q i?2M T`QTQb2b  iF2@Bi@Q`@H2p2@Bi T`B+2 Qz2` iQ i?2 b2HH2`X b BM  bB;MHBM;
;K2 i?2 mMBM7Q`K2/ #mv2` KB;?i BM72` bQK2 BM7Q`KiBQM 7`QK i?2 pHm2 K2bb;2 #Qmi i?2
i`m2 pHm2 Q7 i?2 }`K QrM2/ #v i?2 b2HH2`X >Qr2p2`- b2HH2`b Q7 HQr pHm2 }`Kb b?QmH/ HbQ
b2M/ ?B;? pHm2 K2bb;2b- BX2X BM i?2 bm;;2biBp2 i2`KBMQHQ;v Q7 1`i M/ :M22xv UkyRRV- QM2
b?QmH/ 2tT2+i ǳb2H}b? #H+F HB2bǴ- r?B+? r2 rBHH `272` BM Qm` +QMi2ti b ǳKFBM; mTǴ i?2 pHm2
Q7 i?2 }`KX k h?2`27Q`2- QMHv TQQHBM; 2[mBHB#`B 2K2`;2 rBi? i?2 bK2 mMBM7Q`KiBp2 U?B;?V
pHm2 K2bb;2b b2Mi #v b2HH2`bX
h?Bb ;K2@i?2Q`2iB+ `B;Q` mb2/ iQ 2bi#HBb? QMHv TQQHBM; 2[mBHB#`B Q`- BM Qi?2` rQ`/b-
/Bb[mHB7vBM; pHm2 K2bb;2 b ǳ+?2T iHFǴ Bb /m2 iQ i?2 bi`B+i `mH2b Q7 bQ+BH 2t+?M;2,
i?2 QM2 bB/2/ pHm2 K2bb;2 Q7 i?2 b2HH2` iQ i?2 #mv2` Bb QM2 bQ+BH 2t+?M;2 #27Q`2 i?2
#mv2` bii2b i?2 iF2@Bi@Q` H2p2 Bi T`B+2 Qz2`X h?Bb /Bz2`b 7`QK i?2 bim/v Q7 oHH2v 2i HX
URNN3V r?Q HbQ HHQr 7Q` bQ+BH 2t+?M;2 BM i?2 +QMi2ti Q7 +[mB`BM;@@*QKTMv- QMHv BM
/Bz2`2Mi 7+2 +QKKmMB+iBQM 7Q`Kib U7+2@iQ@7+2 #`;BMBM;- r`Bii2M M2;QiBiBQM 2t+?M;2-
i2H2T?QM2 M2;QiBiBQMbVXj h?Bb Q#pBQmbHv 2t+Hm/2b bi`B+i ;K2@i?2Q`2iB+ `2bQMBM; #mi- b 2t@
T2+i2/- Bb [mBi2 2{+B2M+v 2M?M+BM; rBi? i?2 bi`QM;2bi 2z2+i- rBi? `2bT2+i iQ 7B` bm`THmb
b?`BM;- 7Q` 7+2@iQ@7+2 M2;QiBiBQMbX >2`2 r2 rMi2/ iQ KBMiBM i?2 bi`B+i bi`i2;B+ 7Q`Ki
#v BKTH2K2MiBM; i?2 JQ/B}2/ +[mB`BM;@@*QKTMv b2imT b  "v2bBM ;K2 b Km+? b
TQbbB#H2- i?mb HHQrBM; 7Q` KMv `2T2iBiBQMb Ur?B+? rQmH/ #2 /B{+mHi 7Q` i?2 oHH2v 2i HX
URNN3V@b2imTV M/ `2bi`B+iBM; B/2MiB}#BHBiv Q7 QM2Ƕb BMi2`+iBQM T`iM2` iQ 2Bi?2` ;2M/2` Q`
}2H/ Q7 bim/v- Q` #Qi?X b bm+? r2 722H i?i r2 `2- iQ i?2 #2bi Q7 Qm` FMQrH2/;2- TBQM22`BM;
BM DQBMiHv MHvxBM; i?2 i?`22 /BK2MbBQMb BMpQHp2/ BM Qm` bim/v- MK2Hv +?2T iHF- ;2M/2`
U+QMbi2HHiBQMV M/ 2tT2`B2M+2X
kLQi2- ?Qr2p2`- i?i ++Q`/BM; iQ Qm` /i bm+? BM+2MiBp2b 7Q` ǳb2H}b? #H+F HB2bǴ U1`i M/ :M22xv- kyRRV
HbQ 2tBbi bB;MB}+Mi M/ T2`bBbi2Mi mM/2`biiBM; M/ i`mi?@i2HHBM;X
joHH2v 2i HXUkyykV +QKT`2 bm+? 7`22 7Q`Ki `2THv +QKKmMB+iBQM 7Q` bBimiBQMb rBi? irQ@bB/2/ BM+QK@
TH2i2 BM7Q`KiBQM rBi?  MQ +QKKmMB+iBQM +QMi`QH i`2iK2MiX
j
"2?pBQ`HHv +?2T iHF Kv Kii2`X AM/22/- ++Q`/BM; iQ Qm` +QKTMBQM bim/v .B
*;MQ 2i HX UkyR8V- #b2/ QM  bBM;H2 BM+2MiBpBx2/ THv Q7 i?Bb ;K2- Bi Bb 7QmM/ i?i
pHm2 K2bb;2b TQbBiBp2Hv M/ bB;MB}+MiHv BM+`2b2 T`B+2 Qz2`bX qBHH 2tT2`B2M+2 bi`2M;i?2M
Q` r2F2M i?Bb 2z2+i\ q2 2tT2+i2/ i?2 Hii2`- BX2X- +QMp2`;2M+2 iQ TQQHBM;X PM i?2 Qi?2`
?M/- i`/2 Bb Hrvb 2{+B2M+v 2M?M+BM; M/ i H2bi bQK2 b2HH2` T`iB+BTMib KB;?i #2
BMi`BMbB+HHv KQiBpi2/ iQ bB;MH i?2 i`m2 pHm2X q2 `2T2i2/ i?2 bK2 2tT2`BK2MiH b2iiBM;
iQ MHvx2 /i 7`QK T`iB+BTMib BMi2`+iBM; BM jy `QmM/b UrBi? }t2/ `QH2 Q7 2Bi?2` b2HH2`
Q` #mv2` M/ `M/QKHv +?M;BM; T`iM2`b BM i?2 Qi?2` `QH2V BM Q`/2` iQ i2bi ?Qr Qp2`biiBM;
i?2 pHm2 Q7 i?2 +QKTMv- mM/2`T`B+BM; i?2 `2+2Bp2/ pHm2 K2bb;2 M/ ++2TiM+2 Q7 T`B+2
Qz2`b `2 z2+i2/ #v 2tT2`B2M+2 M/ ;2M/2` U+QMbi2HHiBQMVX "v +QKT`BM; i?`22 bm++2bbBp2
T?b2b +QMbBbiBM; Q7 Ry `QmM/b 2+?- H#2H2/ 2`Hv T?b2 U`QmM/b R iQ RyV- BMi2`K2/Bi2
T?b2 U`QmM/b RR iQ kyV M/ Hi2 T?b2 U`QmM/b kR iQ jyV- r2 MHvx2/ ?Qr 2tT2`B2M+2
z2+ib ++2TiM+2 Q7 T`B+2 Qz2`b- T`B+2 Qz2`b M/ pHm2 K2bb;2bX q?i i?Bb BM/B+i2b Bb
i?i r2 `2 BMi2`2bi2/ BM 2tT2`B2M+2 2z2+ib #mi MQi BM BM/BpB/mH H2`MBM; Ub22 i?2 +?Ti2`
QM BM/BpB/mH H2`MBM; BM *K2`2`- kyyjVX ZmBi2 bm`T`BbBM;Hv- i?2`2 Bb  +QMbiMi TQbBiBp2
b?`2 Q7 T`iB+BTMib BMp2biBM; BM `QH2 `2TmiiBQM #v MQi Qp2`biiBM; Ui?2B` }`KǶb pHm2VX Ai
b22Kb iQ /2T2M/ QM BMi`BMbB+ KQiBpiBQM M/ bQ+BH /vMKB+b r?2i?2` #2?pBQ` +QMp2`;2b
iQ TQQHBM; Q` r?2i?2` bQK2 i`mbi BM pHm2 K2bb;2b T2`iBMb- TQbbB#Hv iQ;2i?2` rBi? T`B+2
Qz2`b BK2/ i 7B`Hv b?`BM; i?2 bm`THmb 7`QK i`/2X q2 2tT2+i2/ i?i bQK2 bB;MB}+Mi
b?`2 Q7 T`iB+BTMib iQ 7`2[m2MiHv M/ T2`bBbi2MiHv bB;MH i?2 pHm29 #mi r2`2 bm`T`Bb2/ #v
i?2 bB;MB}+Mi M/ T2`bBbi2Mi mM/2`biiBM;X P7 +Qm`b2- i?2 Hii2` KB;?i #2 ++QmMi2/ 7Q` #v
Qi?2` `2;`/BM; +QM+2`Mb UQM2 Kv rMi iQ /BbiBM;mBb? QM2b2H7 7`QK Qi?2` b2HH2` T`iB+BTMib
rBi? 2t+2bbBp2Hv H`;2 bB;MHb Q` +QKT2Mbi2 i?2 ?`K +mb2/ #v Qi?2` #mv2` T`iB+BTMibǶ
T`B+2 Qz2`bVX >Qr2p2`- BM Qm` pB2r- Bi b22Kb H2bb 7`@72i+?2/ iQ +?B2p2 bm+? 2z2+ib #v
i`mi?@i2HHBM;, i?2 2pB/2M+2 Q7 mM/2`biiBM; #v b2HH2` T`iB+BTMib Bb TmxxHBM;X
9hQ 2tT2+i +QMbBbi2Mi i`mi? i2HHBM; r?2M Q7i2M M/ `2T2i2/Hv K22iBM; i`/2`b- r?Q Q#pBQmbHv 2tT2`B2M+2/
Qp2`biiBM;- rQmH/ Tmi iQQ Km+? i`mbi BM ǴEMiBM BKT2`iBp2bǴX
9
Pm` /2bB;M Qz2`b /i,
RX 7Q` b2HH2` T`iB+BTMib, KBMHv Qp2`biiBM; UǴKFBM; mTǴV- #mi HbQ i`mi?@i2HHBM; M/
mM/2`biiBM; Ui?2 pHm2 Q7 QM2Ƕb }`KV b r2HH b UMQMV ++2TiM+2 Q7 UMQMV T`Q}i#H2
T`B+2 Qz2`b-
kX 7Q` #mv2` T`iB+BTMib, T`B+2 Qz2`b r?B+? `2 bvbi2KiB+HHv HQr2` i?M i?2 pHm2 K2b@
b;2 `2+2Bp2/ UǳbmbTB+BQMǴQ` ǳ2[mH bm`THmb b?`BM;ǴQ` r2F2` 7Q`Kb Q7 H2iiBM; #Qi?
bB/2b ;BMV M/ #b2/ QM KQ`2 Q` H2bb i`mbi BM pHm2 K2bb;2b-
jX 7Q` ;2M/2` U+QMbi2HHiBQMV, ++Q`/BM; iQ r?B+? 72KH2 ++2TiM+2 Bb iQ  ;`2i2` 2t@
i2Mi BM~m2M+2/ #v 2tT2`B2M+2 i?M i?2 KH2 QM2- BM bmbTB+BQmbM2bb ;2M/2` +QMbi2HHiBQM
b22Kb iQ BMi2`+i rBi? Ti? /2T2M/2M+2 7Q` 72KH2b U72KH2 #mv2`b `2 KQ`2 bmbTB+BQmb
r?2M +QM7`QMiBM; KH2 b2HH2`bV M/ ;2M/2` /Bz2`2M+2 +Q@2pQHp2b rBi? ǴKFBM;@mTǴ U72@
KH2 b2HH2`b `2 QMHv bB;MB}+MiHv H2bb Qp2`biiBM; i?M KH2b BM i?2 2`Hv T?b2VX M
Q#pBQmb ?vTQi?2bBb +HBKb ;2M/2` U+QMbi2HHiBQMV 2z2+i iQ #2 +QMbB/2`#Hv r2F2M2/
Q` 2p2M 2HBKBMi2/ #v ;K2 THvBM; 2tT2`B2M+2 M/ bm;;2bib i?i ;2M/2` U+QMbi2HH@
iBQMV 2z2+ib KBMHv `2Hv QM /i Q7 BM2tT2`B2M+2/ /2+BbBQM KFBM;X aBM+2 i`2iK2Mib
T`iHv HHQr 7Q` +QKKQMHv FMQrM ;2M/2` +QMbi2HHiBQMb- i?Bb /Q2b MQi QMHv TTHv iQ
+QM/BiBQMBM; #2?pBQ` QM QM+2 QrM ;2M/2` #mi HbQ QM MQi?2`Ƕb ;2M/2`X
ǳJFBM; mTǴ M/ ǳbmbTB+BQMǴ T2`bBbi- ;2M/2` U+QMbi2HHiBQMV 2z2+ib b22K iQ #2 `i?2` T`/B;@
KiB+- ;Bp2M i?2 /Bz2`2Mi ibFb M/ bFBHHb Q7 ?mKM KH2b M/ 72KH2b BM Qm` 2pQHmiBQM`v
?BbiQ`v Ub22 HbQ i?2 `2Hi2/ /Bb+mbbBQM BM Qm` +QKTMBQM TT2`VX AM Qm` pB2r- ;2M/2` `2b2`+?
?b i?mb 7` M2;H2+i2/ i?2 bT2+ib QM r?B+? r2 7Q+mb QMX
6BMHHv- Bi ?`/Hv M22/b iQ #2 DmbiB}2/ i?i ǳKFBM; mTǴ U+QMbB/2` MQi QMHv +QKK2`@
+BH #mi HbQ T`Bpi2 HB72- 2X;X r?2M b2`+?BM;  bTQmb2V M/ ǳbmbTB+BQMǴ UBM +QKK2`+BH
M/ T`Bpi2 HB72 r2 Q7i2M /Qm#i r?i Qi?2`b +M Qz2`V `2 BKTQ`iMiX HiQ;2i?2` Bi b22Kb
p2`v BMi2`2biBM; M/ BM7Q`KiBp2 iQ +QKT`2 #2?pBQ` Q7 BM2tT2`B2M+2/ M/ 2tT2`B2M+2/ T`@
iB+BTMib- r?Q #Qi? Kii2` 2+QMQKB+HHv- 2X;X r?2M /2bB;MBM; bTQi K`F2ib r?Qb2 i`/2`b
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+?M;2 7`2[m2MiHv- `2bT2+iBp2Hv r?2M 2bi#HBb?BM; BMbiBimiBQMb r?B+? `2 iQ #2 2M+QmMi2`2/
`2T2i2/HvX
h?2 TT2` /2p2HQTb b 7QHHQrb, a2+iBQM k BMi`Q/m+2b i?2 KQ/B}2/ ;K2X a2+iBQM j /2b+`B#2b
i?2 2tT2`BK2MiH T`QiQ+QHX .2b+`BTiBp2 biiBbiB+b `2 /Bb+mbb2/ BM a2+iBQM 9X a2+iBQM 8 T`Q@
pB/2b i?2 `2;`2bbBQM MHvbBbX a2+iBQM e +QM+Hm/2bX
kX :K2 JQ/2H
h?2 #mv2`Ƕb pHm2 v Q7 i?2 }`K- QrM2/ #v i?2 b2HH2`- Bb `M/QKHv ;2M2`i2/ ++Q`/BM; iQ i?2
mMB7Q`K /2MbBiv +QM+2Mi`i2/ QM (0, 1)X h?Bb Bb +QKKQMHv FMQrM HQM; rBi? i?2 7+i i?i
7Q` i?2 b2HH2` i?2 pHm2 Q7 i?2 }`K Bb QMHv qv- rBi? 0 < q < 1X A7 i`/2 Q++m`b i T`B+2 p- i?2
#mv2` 2`Mb v   p M/ i?2 b2HH2` p  qvX h?2 /2+BbBQM T`Q+2bb BM 2+? `QmM/ Bb b 7QHHQrb,
(i) FMQrBM; v- i?2 b2HH2` b2M/b i?2 pHm2 K2bb;2 vˆ = vˆ(v) r?B+? KB;?i #2 i`m2 Uvˆ = vV Q`
7Hb2 Uvˆ 6= vVc
(ii) 7i2` `2+2BpBM; i?2 K2bb;2 vˆ- i?2 #mv2` T`QTQb2b i?2 T`B+2 p = p(vˆ)c
(iii) 7i2` `2+2BpBM; i?2 T`B+2 Qz2`- i?2 b2HH2` ++2Tib Bi U (p) = 1V Q` `2D2+ib Bi U (p) = 0VX
h?2 b2HH2` 2`Mb  (p)(p qv) M/ i?2 #mv2`  (p)(v p), r?2M i`/BM;- BX2X- r?2M  (p) = 1-
i?2 iQiH bm`THmb v(1   q) Bb Hrvb TQbBiBp2X q?2M MQi i`/BM;- BX2X- r?2M  (p) = 0- #Qi?
#mv2` M/ b2HH2` 2`M MQi?BM;X
aBM+2  (p) = 1 Bb QMHv QTiBKH 7Q` p   qv-  `BbF M2mi`H #mv2` 2tT2+ib iQ 2`M
Z p/q
0
(v   p) dv = (0.5  q) p
2
q2
URV
r?B+? BM+`2b2b U/2+`2b2bV rBi? p 7Q` q < 0.5 Uq > 0.5VX aBM+2 v < 1 BKTHB2b vq < q- Bi Bb
M2p2` QTiBKH 7Q` i?2 #mv2` iQ Qz2`  T`B+2 ?B;?2` i?M q, i?2 T`B+2 p = q Bb QTiBKH 7Q`
e
q  0.5 r?2`2b i`/2 Bb pQB/2/ #v p = 0 7Q` q > 0.5X h?Bb #2M+?K`F bQHmiBQM Bb MQi
[m2biBQM2/ #v +?2T iHFX
h?2 +[mB`BM;@@*QKTMv ;K2 Bb  +QMp2MB2Mi 2tT2`BK2MiH rQ`F?Q`b2 /2bB;M2/ iQ
bim/v i?2 rBMM2`Ƕb +m`b2- 2p2M r?2M HHQrBM; 7Q` +?2T iHFX AM/22/- #mv2` T`iB+BTMib Kv
7BH iQ MiB+BTi2 i?i TQbBiBp2 T`B+2 Qz2`b `2 ++2Ti2/ QMHv B7 v  p/qX h?Bb i?2M KB;?i
BM/m+2 i?2K iQ Qz2` T`B+2b p r?B+? vB2H/ UbbmKBM;  (p) = 1 r?2M2p2` p   qvV H2bb i?M
T`2/B+i2/X P7 +Qm`b2- i?2 #2M+?K`F bQHmiBQM /2MB2b i?2 2tBbi2M+2 Q7  rBMM2`Ƕb +m`b2X >Qr
Bb i?2 #2M+?K`F bQHmiBQM- #b2/ QM #mv2`Ƕb `BbF M2mi`HBiv M/ #+Fr`/ BM/m+iBQM- i?2M
[m2biBQM2/ r?2M (i) i?2 b2HH2` Kv #2 p2`b2 iQ Qp2`biiBM;- BX2X- iQ b2M/  pHm2 K2bb;2
vˆ(v) > v M/ (ii) i?2 #mv2` Kv Q` MQi #2 r`2 Q7 i?2 b2HH2`Ƕb KQ`H +QM+2`Mb\ h?2 ;K2
i?2Q`2iB+ TT`Q+? rQmH/ BMp2biB;i2 i?2b2 KQ/B}+iBQMb pB  bB;MHBM; ;K2 rBi? i?2 #2ii2`
BM7Q`K2/ U#Qmi i?2 }`KǶb pHm2 b r2HH b i?2B` QrM ;mBHiv 722HBM;bV b2HH2` KQpBM; }`bi bQ
i?i i?2 mMBM7Q`K2/ #mv2` +M TQbbB#Hv BM72` i?2 }`KǶb pHm2 7`QK i?2 pHm2 bB;MH vˆ, M
BMi2`2biBM; MHviB+ 2t2`+Bb2 #mi M 2ti`2K2Hv mM`2HBbiB+ QM2 bBM+2 i?2 b2HH2`Ƕb B/BQbvM+`iB+
722HBM;b Q7 ;mBHi rBHH M2p2` #2 +QKKQM FMQrH2/;2X8
aiBHH QM2 KB;?i rMi iQ bT2+mHi2 ?Qr #2?pBQ` Bb z2+i2/ r?2M   i H2bi bQK2   b2HH2`
T`iB+BTMib `2 722HBM; Q#HB;2/ iQ i2HH i?2 i`mi?X q?2M 2tT2+iBM; i?Bb- #mv2` T`iB+BTMib
Kv #2HB2p2 i?2 K2bb;2 vˆ M/ bm;;2bi  T`B+2 #2ir22M qvˆ M/ vˆX ZmBi2 7B`M2bb@KBM/2/
#mv2` T`iB+BTMib KB;?i 2p2M T`QTQb2 i?2 T`B+2 p(vˆ) = (1+q)vˆ2 BM Q`/2` iQ b?`2 i?2 bm`THmb
7`QK i`/2 (1   q)vˆ 2[mHHv, +imHHv [mBi2  MmK#2` Q7 b2HH2` T`iB+BTMib 722H Q#HB;2/ iQ
+?QQb2 vˆ(v) = v- rBi? KMv T`B+2 Qz2`b HvBM; #2ir22M qvˆ M/ vˆX >Qr2p2`- +?2T iHF pHm2
K2bb;2b KQ`2 7`2[m2MiHv BM/m+2 QTTQ`imMBbiB+ b2HH2`b iQ i`v iQ 2tTHQBi #mv2`b #v ǳKFBM;
mTǴ pB vˆ(v) > v M/ i?Bb- BM im`M- [m2biBQMb #mv2`bǶ i`mbi BM i?2 K2bb;2 b2Mi #v i?2B` b2HH2`X
q2 2tT2+i2/ i?i #2+mb2 Q7 H2`MBM; KQbi T`iB+BTMib rBHH MQi i`mbi i?2 pHm2 K2bb;2b
r?B+? HbQ /Bb+Qm`;2b ii2KTib iQ b?`2 i?2 bm`THmb UKQ`2 Q` H2bbV 2[mHHvX h?Bb /2MB2b +v+HB+
/TiiBQMb- 2X;X BM i?2 b2Mb2 Q7 i`mbirQ`i?BM2bb Uvˆ(v) +HQb2 iQ vV M/ i`mbiBM; Up(vˆ) > vˆV
8h?2 +QKKQM T`BQ`b bbmKTiBQM BM i?2 i`/BiBQM Q7 >`bMvB URNed@RNe3V Bb T?BHQbQT?B+HHv BMi2`2biBM;-
M/ TQbbB#Hv BM7Q`KiBp2- #mi p2`v mM`2HBbiB+X
d
}`bi 2pQHpBM;- i?2M 2`Q/BM; #27Q`2 ;BM `2+Qp2`BM;X
jX 1tT2`BK2MiH T`QiQ+QH
q2 `272` ?2`2 iQ i?2 #bB+ T`i Q7 Qm` #`Q/2` 2tT2`BK2MiH T`QD2+i   r2 MHvx2 2tT2`B2M+2
M/ ;2M/2` 2z2+ibXe h?Bb bi;2 +QMbBbib Q7 THvBM; i?2 bK2 #`;BMBM; ;K2 7Q` jy `QmM/b
M/ ?b #22M T`2+2/2/ #v QM2 BM+2MiBpBx2/ i`BH `QmM/ r?B+? b?QmH/ HHQr Qm` T`iB+BTMib iQ
mM/2`biM/ i?2B` /2+BbBQM ibFb BM i?2 7QHHQrBM; jy `QmM/bXd q2 `M Rk b2bbBQMb rBi?  iQiH
Q7 jde bim/2Mib URR b2bbBQMb rBi? jk T`iB+BTMib 2+? THmb QM2 b2bbBQM rBi? k9V- `2+`mBi2/
KQM; i?2 mM/2`;`/mi2 TQTmHiBQM Q7 C2M lMBp2`bBiv mbBM; P`b22 U:`2BM2`- kyy9V- i i?2
H#Q`iQ`v Q7 Jt SHM+F AMbiBimi2 BM C2MX h?2 2tT2`BK2Mi rb 7mHHv +QKTmi2`Bx2/ mbBM;
x@h`22 U6Bb+?#+?2`- kyydVX
i i?2 #2;BMMBM; Q7 i?2 2tT2`BK2Mi- 2+? T`iB+BTMi Bb `M/QKHv bbB;M2/ iQ QM2 Q7 i?2
irQ TQbbB#H2 `QH2b Ub2HH2` Q` #mv2`V M/ `2KBMb BM i?Bb `QH2 i?`Qm;?Qmi i?2 2tT2`BK2Mi, ?H7
Q7 i?2 T`iB+BTMib `2 #mv2`bc i?2 Qi?2` ?H7 b2HH2`bX qBi?Qmi #2BM; K/2 r`2 Q7 i?Bb- ?H7
Q7 i?2 b2HH2`b M/ #mv2`b r2`2 KH2 M/ i?2 Qi?2` ?H7 72KH2bX AM 2+? `QmM/ T`iB+BTMib
r2`2 `M/QKHv Ki+?2/ rBi?  T`iM2` BM i?2 Qi?2` `QH2 BM Q`/2` iQ TQbbB#Hv i`/2 i?2 }`K
QrM2/ #v i?2 b2HH2`X h?2 pHm2 Q7 i?2 }`K v- `M/QKHv b2H2+i2/ 7Q` 2+? b2HH2`@#mv2` TB`
++Q`/BM; iQ  /Bb+`2i2 mMB7Q`K /Bbi`B#miBQM +QM+2Mi`i2/ QM (0, 100)- Bb iQH/ QMHv iQ i?2
b2HH2` Ui?2 +imH pHm2b BM i?2 2tT2`BK2Mi- b2H2+i2/ BM bi2Tb Q7 8- r2`2 8- Ry- XXX- N8VX "Qi?
Ub2HH2` M/ #mv2`V `2 r`2 Q7 i?2 T`QTQ`iBQM UqV- +Q``2HiBM; i?2 i`m2 2pHmiBQMb v M/ qv
HBM2`HvX h?Bb T`QTQ`iBQM q Bb `M/QKHv b2H2+i2/ 7`QK  /Bb+`2i2 mMB7Q`K /Bbi`B#miBQM (0, 1)c
i?2 +imH pHm2b q BM i?2 2tT2`BK2Mi r2`2 `2b+H2/ BM W M/ +QmH/ QMHv bbmK2 i?2 7QHHQrBM;
pHm2b, Ry- ky- jy- 9y- 8y- ey- dy- 3y Q` Ny T2`+2MiX
AM 2+? `QmM/ Ub22 h#H2 RV #`;BMBM; T`Q+22/b BM i?2 7QHHQrBM; rv, i?2 b2HH2` b2M/b 
pHm2 K2bb;2 UvˆV iQ i?2 #mv2` r?B+? +M #2 i`m2 Q` 7Hb2 #mi MQi 2t+22/ 100X 7i2` `2+2BpBM;
eh?2 1M;HBb? i`MbHiBQM Q7 i?2 AMbi`m+iBQMb Q7 i?2 r?QH2 2tT2`BK2Mi Bb `2TQ`i2/ BM TT2M/Bt "X
d6Q` i?2 `2bmHib Q7 i?2 BM+2MiBpBx2/ i`BH `QmM/ `272` iQ .B *;MQ 2i HX UkyR8V
3
h#H2 R, _Q/ KT Q7 ;K2 `QmM/b
ai2T† a2HH2` "mv2` .2b+`BTiBQM
y q, v FMQrM q FMQrM AMBiBH BM7Q`KiBQM
S`iM2` BM7Q`KiBQM? S`iM2` BM7Q`KiBQM? T`QpB/2/ iQ #mv2`b M/ b2HH2`b
R J2bb;2 vˆ ⌛ a2HH2` b2M/b K2bb;2 iQ "mv2`
k ⌛ S`B+2 Qz2` p(vˆ) "mv2` KF2b T`B+2 Qz2`
j ++2TiM+2  (p) ⌛ a2HH2` ++2Tib Q` `27mb2b T`B+2 Qz2`
9 SvQz  (p)(p  qv) SvQz  (p)(v   p) a2HH2` M/ "mv2` BM7Q`K2/ QM TvQz
† 1+? `QmM/ BMpQHp2b 7Qm`@bi2TbX
? S`iM2` BM7Q`KiBQM /2T2M/b QM i?2 i`2iK2Mi- b22 a2+iBQM jXRX
⌛ S`iB+BTMib rBi 7Q` T`iM2`Ƕb /2+BbBQM- BX2X i?2v `2 BM+iBp2X
i?2 K2bb;2- i?2 #mv2` T`QTQb2b  T`B+2 p r?B+? +MMQi 2t+22/ RyyX >pBM; `2+2Bp2/ i?2 T`B+2
Qz2`- i?2 b2HH2` +M ++2Ti Bi Q` MQiX A7 ++2Ti2/- i?2 }`K Bb bQH/ i i?2 Qz2`2/ T`B+2c B7 MQi-
MQ i`/2 iF2b TH+2X 7i2` 2+? `QmM/- TvQzb `2 +H+mHi2/ M/ T`Bpi2Hv +QKKmMB+i2/
iQ #mv2` M/ b2HH2`X
jXRX h`2iK2Mib
q2 `M 7Qm` i`2iK2Mib /Bz2`BM; BM BM7Q`KiBQM QMHv, BM i`2iK2Mi U UlMFMQrMV- i`/@
BM; T`iM2`b- `M/QKHv Ki+?2/ BM TB`b- `2 mMr`2 Q7 i?2 Qi?2`Ƕb ;2M/2`- r?B+? #2+QK2b
FMQrM BM i`2iK2MiG Ur`2M2bb Q7 :2M/2` +QMbi2HHiBQMVX h`2iK2MiOC UPi?2` *QM7QmM/V
T`QpB/2b BM7Q`KiBQM #Qmi i?2 }2H/ Q7 bim/v BMbi2/ U1+QMQKB+b p2`bmb LQM@1+QMQKB+bVX 6B@
MHHv- i`2iK2Mi E U1K#2//2/ ;2M/2` +QMbi2HHiBQMV T`QpB/2b BM7Q`KiBQM #Qmi i?2 Qi?2`Ƕb
;2M/2` M/ }2H/ Q7 bim/vX qBi? i?2 Hbi i`2iK2Mi r2 i`v iQ +?2+F TQbbB#H2 /2KM/ 2z2+ib
r?2M BM7Q`KBM; #Qmi ;2M/2` U+QMbi2HHiBQMVX
jXkX Ji+?BM;
_M/QK Ki+?BM; #2ir22M #mv2`b M/ b2HH2`b rb BKTH2K2Mi2/ iQ #HM+2 Qm` bKTH2 #v
;2M/2` +QMbi2HHiBQMX SB`b Q++m``2/ BM 2[mH T`QTQ`iBQM, KH2 #mv2`f72KH2 b2HH2`- KH2
#mv2`fKH2 b2HH2`- 72KH2 #mv2`fKH2 b2HH2` M/ 72KH2 #mv2`f72KH2 b2HH2`X S`iB+BTMib
N
r2`2 `2KBM/2/ BM 2+? `QmM/ i?i i?2v ?p2 #22M `M/QKHv TB`2/X
jXjX SvK2Mi
i i?2 2M/ Q7 2+? `QmM/- T`iB+BTMib r2`2 BM7Q`K2/ #Qmi i?2B` }MH TvQz 7Q` i?i `QmM/
UBM 1*lVX h?2 +QMp2`bBQM `i2 7`QK 2tT2`BK2MiH TQBMib iQ 2m`Q UR 2m`Q4jy 1*lV rb
MMQmM+2/ BM i?2 BMbi`m+iBQMbX A7 i?2 b2HH2` ++2Ti2/ i?2 Qz2`2/ T`B+2- i?2 #mv2` 2`M2/ i?2
/Bz2`2M+2 #2ir22M i?2 pHm2 Q7 i?2 }`K M/ i?2 T`B+2 (v   p) M/ i?2 b2HH2` i?2 /Bz2`2M+2
#2ir22M i?2 ++2Ti2/ T`B+2 M/ ?2` 2pHmiBQM Q7 i?2 }`K Up   qvVX A7 i?2 T`B+2 rb MQi
++2Ti2/- i?2 }MH TvQz 7Q` #Qi? rb x2`QX S`iB+BTMib `2+2Bp2/ M BMBiBH 2M/QrK2Mi Q7
jyy 1*l URy 2m`QV BM Q`/2` iQ pQB/ #MF`mTi+vX h?2 +imH TvK2Mi rb #b2/ QM QM2
`M/QKHv b2H2+i2/ `QmM/X
9X .2b+`BTiBp2 biiBbiB+b
q2 MHvx2 ?2`2 ?Qr 2tT2`B2M+2 z2+ib (i) ++2TiM+2 Q7 T`B+2 Qz2`b- (ii) T`B+2 Qz2`b p M/
bmbTB+BQM vˆ   p- (ii) pHm2 K2bb;2b vˆ M/ ǳKF2@mTǴ vˆ   v #v +QKT`BM; i?`22 bm++2bbBp2
T?b2b +QMbBbiBM; Q7 Ry `QmM/b 2+? M/ H#2H2/ 2`Hv T?b2 U`QmM/b R iQ RyV- BMi2`K2/Bi2
T?b2 U`QmM/b RR iQ kyV M/ Hi2 T?b2 U`QmM/b kR iQ jyVX
9XRX a2HH2`bǶ ++2TiM+2
q2 +QMbB/2` i?`22 BMi2`pHb 7Q` T`B+2 Qz2`b- /2T2M/BM; QM r?Q ;BMb- `2bT2+iBp2Hv bmz2`b 
HQbb 7`QK ++2TiM+2, p  qv bQ i?i #mv2`b ;BM M/ b2HH2`b bmz2`  HQbbc qv < p < v r?2M
#Qi?- b2HH2`b M/ #mv2`b- ;BMc p   v bQ i?i b2HH2`b ;BM M/ #mv2`b HQb2 Ub22 6B;m`2 RVX
6B;m`2 k BHHmbi`i2b i?2 Qz2`b #v T?b2 M/ i?2 T`Q##BHBiv Q7 ++2TiM+2 7Q` i?2 i?`22 T`B+2
BMi2`pHbX h#H2 k `2TQ`ib i?2 T`Q##BHBiv Q7 ++2TiM+2 #v ;2M/2`X
h?2 b?`2 Q7 T`B+2 Qz2`b rBi? p   v Bb /2+`2bBM; +`Qbb T?b2b 7`QK 31.06W iQ 22.71WX
am+? Qz2`b `2 M2`Hv Hrvb ++2Ti2/X h?2 b?`2 Q7 T`B+2 Qz2`b rBi? p  qv BM+`2b2b +`Qbb
Ry
6B;m`2 R, AMi2`pHb Q7 T`B+2 Qz2`b
6B;m`2 k, S`B+2 Qz2`b #v T?b2
LQi2b, T `M;2 R, p  qvc T `M;2 k, qv < p < vc T `M;2 j, p   vX >Q`BxQMiH HBM2b `2 i?2 ++2TiM+2 T`Q##BHBiB2bX
RR
h#H2 k, S`Q##BHBiv Q7 ++2TiM+2
1`Hv T?b2† AMi2`K2/Bi2 T?b2† Gi2 T?b2† HH `QmM/b† hi2bib, 1`Hv@Gi2?
6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi?
p  qv eXNN 9Xee 8X39 9X99 9Xk3 9Xje kX38 jX8j jXRN 9X8N 9XR 9Xj8 UyXyRV UyX99V UyXyRV
UyXkRV UyXNRV UyX8d8V UyX8dkV
v > p > qv 33Xdk 3NXNR 3NXj 3NX39 NyX93 NyXRd 3kXR8 3eXRj 39XR3 3dXyk 33X3N 3dXNd U yXykV UyXR8V UyXyRV
UyXejV UyXdNV UyXR3V UyXkRV
p   v NdX33 NN N3X9e NdXNj NNX8d N3Xdj NNXR NNX8R NNXj N3Xke NNXjk N3XdN UyXk3V UyX8jV UyXkkV
UyXkRV UyXRRV UyXNeV UyXyeV
† h2bi 7Q` /Bz2`2M+2 BM K2Mb #v ;2M/2` rBi?BM bi;2 `2 `2TQ`i2/ BM T`2Mi?2bBb US@pHm2bVX
? h2bi 7Q` /Bz2`2M+2 BM K2Mb #2ir22M 2`Hv M/ Hi2 T?b2 7Q` KH2b- 72KH2b M/ TQQH2/ Q#b2`piBQMbX
T?b2b 7`QK 34.63W iQ 45WX am+? Qz2`b `2 KQbiHv `27mb2/ Ub22 6B;m`2 kVX
6Q` KH2 b2HH2`b- i?2 T`Q##BHBiv Q7 `27mbBM; M Qz2` rBi? p   v Bb +HQb2 iQ x2`Q BM 2p2`v
T?b2X 6Q` 72KH2 b2HH2`b- i?2 T`Q##BHBiv Q7 `27mbBM; M Qz2` rBi? p   v Bb bHB;?iHv ?B;?2`
i?M 7Q` KH2 b2HH2`b BM 2+? T?b2 M/ /2+`2b2b +`Qbb T?b2b Ub22 h#H2 kVX 6Q` KH2 b2HH2`b-
i?2 T`Q##BHBiv Q7 ++2TiBM; M Qz2` rBi? p  qv Bb MQM@M2;HB;B#H2 #mi /2+`2b2b +`Qbb T?b2b
7`QK 4.66W iQ 3.53WX 6Q` 72KH2 b2HH2`b- i?2 T`Q##BHBiv Q7 ++2TiBM; M Qz2` rBi? p 6 qv Bb
?B;?2` i?M 7Q` KH2 b2HH2`b BM i?2 2`Hv T?b2 M/ HQr2` BM Hi2 T?b2 Ub22 h#H2 kVX
:2M/2` /Bz2`2M+2 Bb M2p2` bB;MB}+Mi- 2p2M i?Qm;? Bi Bb H`;2` BM i?2 2`Hv T?b2- Bi i2M/b
iQ /BbTT2` BM i?2 Hi2 T?b2- KBMHv /m2 iQ 72KH2 b2HH2`b r?Q b22K iQ ?p2 #22M BM~m@
2M+2/ KQ`2 #v 2tT2`B2M+2 UBM 7+i- 72KH2 b2HH2`b /2+`2b2 i?2 ++2TiM+2 `i2 bB;MB}+MiHv
i?`Qm;? iBK2- r?2`2b KH2 b2HH2`b F22T Bi +QMbiMiVX 6m`i?2`KQ`2- ++2TiM+2 #2?pBQ` Bb
MQi BM~m2M+2/ #v Qi?2` `2;`/BM; T`272`2M+2b, i?2`2 Bb MQ 2pB/2M+2 Q7 ǳHi`mBbiB+HHv KBM/2/Ǵ
b2HH2`b `2D2+iBM; ?B;? T`B+2 Qz2`b iQ T`Qi2+i #mv2`b 7`QK HQbb2b- BX2X- 7Q` `27mb2/ T`B+2 Qz2`b
p > v- r?B+? Bb `2BM7Q`+2/ +`Qbb T?b2bX
h?2 b?`2 Q7 T`B+2 Qz2`b 7`QK r?B+? #Qi? b2HH2`b M/ #mv2`b ;BM- `2 7B`Hv +QMbiMi
+`Qbb T?b2b rBi? i?2 T`Q##BHBiv Q7 ++2TiBM; i?2K /2+HBMBM; Qp2` iBK2X hBK2 HTb2b iQ
++2Ti T`B+2 Qz2`b /2+HBM2 +`Qbb `QmM/b- `2p2HBM; +H2` 2tT2`B2M+2 2z2+ib 7Q` #Qi?- 72KH2
M/ KH2 b2HH2`bX JQ`2Qp2`- i?2 iBK2 HTb2 Bb b?Q`i2` r?2M Bi Bb Q#pBQmb iQ ++2Ti Up   vV
i?M r?2M Bi Bb Q#pBQmb iQ `27mb2 Ur?2M p  qv VX q?2M #Qi?- b2HH2`b M/ #mv2`b- rQmH/ ;BM
i?2 iBK2 HTb2 #2+QK2 HQM;2` Ub22 TT2M/Bt - h#H2 RRVX
Rk
6B;m`2 j, _2;BQMb Q7 T`B+2 Qz2`b
_2bmHi RX ++2TiM+2 Q7 T`B+2 Qz2`b vB2H/BM;  HQbb 7Q` i?2 b2HH2` Bb ``2 M/ /2+`2b2b rBi?
2tT2`B2M+2X JQ`2Qp2`- b2HH2`b /Q MQi T`Qi2+i #mv2`b r?Q rQmH/ HQb2 #v i`/BM;X :2M/2`
/Bz2`2M+2b BM ++2TiM+2 #2?pBQ` i2M/ iQ /BbTT2` rBi? 2tT2`B2M+2X
9XkX S`B+2 Qz2`b M/ bmbTB+BQM
S`B+2 Qz2`b T`iHv 2tT`2bb ?Qr #mv2`b rMi iQ b?`2 i?2 bm`THmb 7`QK i`/2 M/ T`iHv `2p2H
bmbTB+BQM `2;`/BM; i?2 pHm2 K2bb;2 `2+2Bp2/X 6Q` BMbiM+2- T`B+2 Qz2`b r?2M qvˆ < p < vˆ
+QmH/ `2p2H i`mbi BM i?2 pHm2 K2bb;2X JQ`2Qp2`- r?2M vˆ(v) = v- Qz2`BM; p = (1+q)2 vˆ rQmH/
BKTHv 2[mH b?`BM; Qz2`b ?B;?2` UHQr2`V i?M (1+q)2 vˆ M/ rQmH/ H2i b2HH2`b U#mv2`bV ;BM KQ`2
Ub22 6B;m`2 jVX b Bb 2pB/2Mi- T`B+2 Qz2`b p  qvˆ +H2`Hv `2p2H bmbTB+BQM, bBM+2 i`mi?@i2HHBM;
b2HH2`b rQmH/ `2D2+i i?2K- #mv2`b b?QmH/ T`QTQb2 i?2K QMHv r?2M 2tT2+iBM; i?2 K2bb;2 iQ
Qp2`bii2 i?2 pHm2 Q7 i?2 }`KX3
6B;m`2 9 b?Qrb i?2 /Bbi`B#miBQM Q7 T`B+2 Qz2`b #v T?b2 M/ `M;2 Q7 qX h?2`2 Bb bm#biMiBH
2pB/2M+2 i?i #mv2`b `2 bmbTB+BQmb M/ /2KM/ ?B;?2` bm`THmb b?`2b- r?B+? BM+`2b2b Qp2`
iBK2X >Qr2p2`- i?2`2 `2 MQ `2H2pMi ;2M/2` /Bz2`2M+2b Uh#H2 jVX
6m`i?2`KQ`2- 22 mb2 /2+BbBQM iBK2 iQ +?2+F 7Q` /Bz2`2M+2b BM i?2 +Q;MBiBp2 T`Q+2bb Q7
72KH2 M/ KH2 T`iB+BTMibX .2+BbBQM iBK2 /2+`2b2b 7Q` #Qi? 72KH2 M/ KH2 #mv2`b M/
HTb2b 7Q` T`B+2 Qz2`b 7Q` p  qvˆ- r?B+? `2 b?Q`i2` i?M i?Qb2 rBi? p > qvˆX .2+BbBQM HTb2b
31t+2Ti 7Q` MQBb2- r2 /Q MQi 2tT2+i #mv2`b iQ Qz2` p   vˆX
Rj
6B;m`2 9, S`B+2 Qz2`b #v T?b2 M/ #v H2p2H Q7 q
LQi2b,T `M;2 R, p  qvˆ- T `M;2 k, (1+q)2 vˆ > p > qvˆ- T `M;2 j, (1+q)vˆ2  p < vˆ- T `M;2 9, p > vˆX
7Q` Qz2`b BM i?2 `M;2 (qvˆ, vˆ) `2 HQM;2`- r?B+? bm;;2bib i?i #mv2`b i`v iQ #HM+2 i?i r?B+?
#Qi? i`/2 T`iM2`b ;BMX AMi2`2biBM;Hv- KH2 #mv2`b M22/ KQ`2 iBK2 r?2M /2KM/BM; KQ`2
7Q` i?2Kb2Hp2b- BX2X- r?2M Qz2`BM; p > (1+q)vˆ2 r?2`2b 72KH2 #mv2`b M22/ KQ`2 iBK2 r?2M
/2KM/BM; H2bb 7Q` i?2Kb2Hp2b Ub22 TT2M/Bt - h#H2 RkVX
_2bmHi kX "mv2`b #2+QK2 KQ`2 bmbTB+BQmb rBi? 2tT2`B2M+2 M/ KQ`2 7`2[m2MiHv Qz2` T`B+2b
HQr2` i?M qvˆ r?B+?  i`mi?@i2HHBM; b2HH2` b?QmH/ }M/ mM++2Ti#H2X
R9
h#H2 j, S`Q##BHBiv Q7 T`B+2 Qz2`b
1`Hv T?b2† AMi2`K2/Bi2 T?b2† Gi2 T?b2† HH `QmM/b† hi2bib, 1`Hv@Gi2?
6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi?
p  qvˆ 9NX9d 9NX8d 9NX8k 83Xdk 8dXee 83XRN e9X3N e9XR8 e9X8k 8dXd 8dXRj 8dX9R UyXyyV UyXyyV UyXyyV
UyXNeV UyXe9V UyXd9V UyXedV
qvˆ < p < (1+q)vˆ2 jeX3R j3X8R jdXee jeXye j8Xd9 j8XN jyXd9 jRX3R jRXk3 j9X89 j8Xj8 j9XN8 UyXyRV UyXyyV UyXyyVUyX98V UyX3NV UyXekV UyX8kV
(1+q)vˆ
2  p < vˆ NXe3 dXee 3Xed jXN9 9X9d 9Xk jXyN kXdd kXNj 8X8d 9XNe 8Xkd UyXyyV UyXyyV UyXyyVUyXRkV UyX8dV UyXe3V UyXjRV
p   vˆ 9Xy9 9Xke 9XR8 RXk3 kXRj RXd RXk3 RXk3 RXk3 kXk kX88 kXj3 UyXyyV UyXyyV UyXyyV
UyX3kV UyXR8V URXyyV UyXj3V
† h2bi 7Q` /Bz2`2M+2 BM K2Mb #v ;2M/2` rBi?BM bi;2 `2 `2TQ`i2/ BM T`2Mi?2bBb US@pHm2bVX
? h2bi 7Q` /Bz2`2M+2 BM K2Mb #2ir22M 2`Hv M/ Hi2 T?b2 7Q` KH2b- 72KH2b M/ TQQH2/ Q#b2`piBQMbX
9XjX oHm2 K2bb;2b M/ ǳJF2 lTǴ
"mv2`b KF2 mT- BX2X- +?QQb2 vˆ > v BM KQbi +b2b- 2p2M i?Qm;? i?2`2 Bb bB;MB}+Mi 2pB/2M+2
Q7 i`mi?@i2HHBM; M/ bm`T`BbBM;Hv bi`QM; 2pB/2M+2 Q7 mM/2`biiBM;X h#H2 9 b?Qrb i?i dRW Q7
pHm2 K2bb;2b Qp2`bii2 i?2 pHm2 Q7 i?2 }`K- RkW mM/2`bii2 Bi- r?BH2 ReW `2 i`mi?7mHX
b /2TB+i2/- i?2 b?`2 Q7 mM/2`biiBM; pHm2 K2bb;2b /2+`2b2b +`Qbb T?b2b- r?2`2b i?2
b?`2b Q7 Qp2`biiBM; M/ i`mi?@i2HHBM; pHm2 K2bb;2b `2KBM `i?2` bi#H2 +`Qbb iBK2X
JQ`2Qp2`- KH2 b2HH2`b `2 ;2M2`HHv KQ`2 bBM+2`2 i?M 72KH2b b2HH2`b, i?2 b?`2 Q7 i`m2
K2bb;2b #v KH2 b2HH2`b BM+`2b2b +`Qbb `QmM/b- `2+?BM; BM i?2 Hbi T?b2 i?2 kyW Q7 i?2B`
K2bb;2b- r?BH2 i?2 b?`2 Q7 i`m2 K2bb;2b b2Mi #v 72KH2 b2HH2`b `2KBMb 7B`Hv bi#H2 UReW BM
i?2 Hbi T?b2VX .2+BbBQM iBK2 b?Qrb  bi`QM; 2tT2`B2M+2 2z2+i, Bi bi2/BHv /2+`2b2b +`Qbb
T?b2bX b 2tT2+i2/- i`mi?@i2HHBM; Bb 7bi2` i?M bi`i2;BxBM;- rBi? KH2 b2HH2`b i?BMFBM;
HQM;2` i?M 72KH2 QM2b r?2M Qp2`biiBM; Ub22 h#H2 Rj BM TT2M/Bt VX
A7 i`mi?@i2HHBM; Bb /m2 iQ 2i?B+H Q#HB;iBQMb- QM2 b?QmH/ 2tT2+i i?2 bK2 b2HH2` T`iB+BTMib
iQ KBMHv +?QQb2 vˆ(v) = vX Pi?2`rBb2- i`mi?@i2HHBM; +QmH/ #2 /m2 iQ i?2 Q++bBQMH BMp2biBM;
BM i?2 BM7Q`KiBp2M2bb Q7 pHm2 K2bb;2 vˆXN h?2 i`MbBiBQM Ki`Bt BM h#H2 8 `2TQ`ib `2H@
iBp2 7`2[m2M+B2b Q7 b2HH2` T`iB+BTMib r?Q `2 i`mi?@i2HHBM; i = 0; 1; 2; 3; 4; 5 Q` KQ`2 iBK2b-
`2bT2+iBp2Hv- BM QM2 T?b2 M/ i`mi?@i2HHBM; j = 0; 1; 2; 3; 4; 5 Q` KQ`2 iBK2b BM i?2 7QHHQrBM;
T?b2XRy 1t+2Ti 7Q` i?Qb2- r?Q M2p2` i2HH i?2 i`mi?- M/ i?Qb2 r?Q /Q Bi i H2bi }p2 iBK2b-
NAM 6B;m`2 8 r2 `2TQ`i i?2 7`2[m2M+B2b Q7 i`mi?@i2HHBM; #v T?b2 M/ #v ;2M/2`X
Ry6Q` BMbiM+2- ?H7 Q7 i?2 ee b2HH2` T`iB+BTMib r?Q M2p2` iQH/ i?2 i`mi? BM i?2 BMi2`K2/Bi2 T?b2 HbQ
R8
h#H2 9, oHm2 K2bb;2b, i`mi?@i2HHBM;- Qp2`biiBM; M/ mM/2`biiBM;
1`Hv T?b2† AMi2`K2/Bi2 T?b2† Gi2 T?b2† HH `QmM/b† hi2bib, 1`Hv@Gi2?
6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi?
i`mi?@i2HHBM; Uvˆ = vV R8XN8 R8XRy R8X8j R9X9e ReXdy R8X8j R8XN8 RNXR9 RdX88 R8X9e ReXN3 ReXkk URXyyV UyXykV UyXRyV
UyXeRV UyXR3V UyXydV UyXRkV
Qp2`biiBM; Uvˆ > vV eeX3R dkXdd eNXdN dkX3d dkXyk dkX98 dkX88 dRXey dkXyd dyXd9 dkXRj dRX99 UyXyRV UyX8dV UyXRkV
UyXyyV UyXe3V UyXe9V UyXk8V
mM/2`biiBM; Uvˆ < vV RdXkj RkXRj R9Xe3 RkXee RRXk3 RRXNd RRX9N NXke RyXjd RjXdN RyX3N RkXj9 UyXyyV UyXy9V UyXyyV
UyXyyV UyXjeV UyXRRV UyXyyV
† h2bi 7Q` /Bz2`2M+2 BM K2Mb #v ;2M/2` rBi?BM bi;2 `2 `2TQ`i2/ BM T`2Mi?2bBb US@pHm2bVX
? h2bi 7Q` /Bz2`2M+2 BM K2Mb #2ir22M 2`Hv M/ Hi2 T?b2 7Q` KH2b- 72KH2b M/ TQQH2/ Q#b2`piBQMbX
h#H2 8, h`MbBiBQM Ki`Bt Q7 i`mi?@i2HHBM;
hBK2b Q7 i`mi?i2HHBM; hBK2b Q7 i`mi?i2HHBM; BM T?b2 A UBM +QHmKMbV
BM T?b2 1 UBM `QrbV†
y R k j 9 8Y
y Ue8V yX8y3 yXkdd yXR89 yXyek yXyyy yXyyy
R U8NV yXjkk yXkdR yXjjN yXyj9 yXyRd yXyRd
k UkdV yXkNe yXk8N yXk8N yXRRR yXyjd yXyjd
j URdV yXkj8 yXj8j yXkj8 yXy8N yXyyy yXRR3
9 UdV yXyyy yX9kN yXk3e yXyyy yXyyy yXk3e
8Y URjV yXR89 yXyyy yXyyy yXR89 yXR89 yX8j3
hBK2b Q7 i`mi?i2HHBM; hBK2b Q7 i`mi?i2HHBM; BM T?b2 G UBM +QHmKMbV
BM T?b2 A UBM `QrbV†
y R k j 9 8Y
y UeeV yX8yy yXjyj yXRkR yXyeR yXyyy yXyR8
R U8yV yXjky yX9yy yXR9y yXy3y yXy9y yXyky
k U9jV yXjke yXRej yXjke yXyNj yXy9d yXy9d
j URkV yXy3j yXRed yXRed yXRed yXy3j yXjjj
9 U9V yXyyy yXk8y yXk8y yXyyy yXyyy yX8yy
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i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i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 fUb2V  fUb2V  fUb2V  fUb2V
q @yXR3   @yXR3   @yXR3   @yXR3   
UyXy8V UyXy8V UyXyeV UyXy8V
vˆ yXed   yXed   yXdj   yXdj   
UyXy9V UyXy9V UyXy9V UyXy9V
`QmM/ yXR9 yXR8 yXRR yXRR
UyXRRV UyXRRV UyXy3V UyXyNV
ambTB+BQM UG;RV yXR9   yXRk  yXRj  yXyN 
UyXy9V UyXy8V UyXy8V UyXy8V
ambTB+BQM UG;kV yXRk   yXRj   yXyd  yXy3  
UyXyjV UyXyjV UyXy9V UyXy9V
ambTB+BQM UG;jV yXRy  yXRy  yXR9   yXRj   
UyXy9V UyXy9V UyXy8V UyXy8V
1`MBM; UG;RV @yXye @yXRj  
UyXy9V UyXy8V
JF2@mT UG;RV yXyj yXyd  
UyXyjV UyXy9V
S`iM2` aim/v, 1+QMQKB+b4R kXNk jXRy yXe8 yXd8
UkXyyV UkXy3V URX3yV URXe3V
*QMbiMi @R9XRe   @R9X9e   @R8Xej  @R8XNy  
U8XjjV U8XjyV UeX99V UeX8yV
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LQi2b, aB;MB}+M+2  yXR-   yXy8-    yXyRX
h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 fUb2V  fUb2V
q @yXR3   @yXR3   
UyXyjV UyXyjV
vˆ yXdR   yXdR   
UyXykV UyXykV
`QmM/ yXR9   yXR9   
UyXy8V UyXy8V
ambTB+BQM UG;RV yXRe   yXRj   
UyXykV UyXykV
ambTB+BQM UG;kV yXRk   yXRk   
UyXykV UyXykV
ambTB+BQM UG;jV yXRR   yXRk   
UyXykV UyXykV
1`MBM; UG;RV @yXRy   
UyXykV
JF2@mT UG;RV yXy9  
UyXykV
*QMbiMi @ReX9j   @ReX8e   
UkXeNV UkXeNV
P#b2`piBQMb Reky Reky
LQi2b, aB;MB}+M+2  yXR-   yXy8-    yXyRX
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 fUb2V  fUb2V  fUb2V  fUb2V  fUb2V  fUb2V  fUb2V  fUb2V  fUb2V  fUb2V
q yXRR   yXRR   yXR9   yXR9   yXyN   yXy3   yXRj   yXRj   yXyN   yXyN   
UyXykV UyXykV UyXyjV UyXyjV UyXykV UyXykV UyXyjV UyXyjV UyXyjV UyXyjV
v @yXek   @yXek   @yXeR   @yXeR   @yXe9   @yXe9   @yXeR   @yXeR   @yXee   @yXee   
UyXykV UyXykV UyXyjV UyXyjV UyXyjV UyXyjV UyXy9V UyXy9V UyXy9V UyXy9V
`QmM/ yXyj @yXyk yXye @yXyR yXyR @yXyj yXy9 @yXy9 yXy8 yXyR
UyXyjV UyXyjV UyXy9V UyXy9V UyXy9V UyXyjV UyXy8V UyXy8V UyXy9V UyXy9V
JF2@mT UG;RV yXRN   yXR3   yXkk   yXRN   yXRe   yXRe   yXk8   yXky   yXR3   yXR3   
UyXykV UyXyRV UyXykV UyXykV UyXykV UyXykV UyXyjV UyXykV UyXykV UyXykV
JF2@mT UG;kV yXky   yXR3   yXkk   yXRN   yXR3   yXRd   yXkk   yXR3   yXRN   yXRd   
UyXyRV UyXyRV UyXykV UyXykV UyXykV UyXykV UyXykV UyXykV UyXykV UyXykV
JF2@mT UG;jV yXRe   yXR9   yXR8   yXRj   yXRd   yXR8   yXR8   yXRk   yXRe   yXR8   
UyXyRV UyXyRV UyXykV UyXykV UyXykV UyXykV UyXykV UyXykV UyXykV UyXykV
1`MBM; UG;RV yXyR @yXy8 yXye @yXRy  yXy3 
UyXykV UyXyjV UyXyjV UyXy9V UyXy9V
ambTB+BQM UG;RV yXR9   yXRd   yXRy   yXkR   yXRy   
UyXyRV UyXykV UyXykV UyXyjV UyXykV
JH2 T`iM2` yXkN yXkR yX9e yX8R
URXyyV UyXNdV UyX3dV UyX3eV
*QMbiMi j9XyR   jyXkk   jyXeN   k8Xd8   jdXRe   j9Xdj   jRXjR   k8Xke   jeXde   j9X8d   
UkXRkV UkXRkV UjXy3V UjXykV UkX39V UkX39V UjXedV UjX89V UjX8jV UjX8kV
P#b2`p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LQi2b, aB;MB}+M+2  yXR-   yXy8-    yXyRX
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M/ H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M2;iBp2- M/ ?B;?Hv bB;MB}+MiX h?2 `QmM/ Bb M2p2` biiBbiB+HHv bB;MB}+Mi- BX2X- ǳKF2
mTǴ /Q2b MQi 7QHHQr  +H2` Ti? +`Qbb `QmM/bX >Qr2p2`- i?2`2 Bb T2`bBbi2M+2 BM +?2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i?2 BM~m2M+2 Q7 H;;2/ ǳKF2 mTǴ Bb TQbBiBp2 M/ bB;MB}+MiX G;;2/ bmbTB+BQM Bb Hrvb
TQbBiBp2 M/ bB;MB}+Mi, b2HH2`b BM+`2b2 ǳKF2 mTǴ 7i2` ?pBM; K2i  bmbTB+BQmb #mv2`X
AMi2`2biBM;Hv- i?2 +Q2{+B2Mi Q7 i?2 TvQz BM i?2 T`2pBQmb `QmM/ Bb TQbBiBp2 M/ bB;MB}+Mi
7Q` KH2 b2HH2`b #mi M2;iBp2 7Q` 72KH2 b2HH2`bX hQ 2tTHQ`2 Mv TQi2MiBH ;2M/2` +QMbi2HHiBQM
2z2+i 7Q` ++2TiM+2 M/ bmbTB+BQM- r2 `mM i?2 bK2 bT2+B}+iBQMb QMHv rBi? /i 7`QK i?2
i`2iK2Mib 1K#2//2/ ;2M/2` +QMbi2HHiBQMb M/ :2M/2`- b2T`i2Hv 7Q` 72KH2 M/ KH2
b2HH2`b rBi?Qmi /B;MQbBM; Mv bB;MB}+Mi 2z2+i- BX2X- i?2 +Q2{+B2Mi Q7 i?2 T`iM2`Ƕb ;2M/2`
Bb MQi biiBbiB+HHv bB;MB}+MiXRj
RjlbBM; /i 7`QK i?2 h`2iK2Mi Pi?2` *QM7QmM/ r2 HbQ BMp2biB;i2 TQi2MiBH 2z2+ib Q7 BM+Hm/BM; i?2
T`iM2`Ƕb }2H/ Q7 bim/vX q2 }M/ i?i i?Bb p`B#H2 /Q2b MQi ?p2 Mv 2z2+i rBi? HH Qm` `2bmHib #2BM;
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h?Bb bim/v Bb  `i?2` bvbi2KiB+ ii2KTi iQ ++QmMi 7Q` TQbbB#H2 2z2+ib Q7 ;2M/2` U+QM@
bi2HHiBQMV BM M 2bBHv mM/2`biQQ/ U#v T`iB+BTMibV #mi MQM2i?2H2bb +QKTH2t 2MpB`QMK2Mi
HHQrBM; 7Q` bvKK2i`B+ BM7Q`KiBQM- i`mi?@i2HHBM; M/ /2+2TiBQM- Qi?2` `2;`/BM; +QM+2`Mb
BM #`;BMBM; M/ +QM/BiBQMBM; QM ;2M/2` U+QMbi2HHiBQMV b r2HH b QM MQi?2` +QM7QmM/
U}2H/ Q7 bim/vVX Pm` 2tT2`BK2MiH rQ`F?Q`b2 Bb i?2 KQ/B}2/ +[mB`BM;@@*QKTMv ;K2
UaKm2HbQM M/ "x2`KM- RN38V- r?B+? HHQrb i?2 #2ii2` BM7Q`K2/ b2HH2` iQ b2M/  pHm2
K2bb;2 #27Q`2 i?2 #mv2`Ƕb T`B+2 Qz2`X h?2 KBM KQiBpiBQM ?2`2 ?b #22M iQ 2tTHQ`2 ?Qr
#Qi?- 2tT2`B2M+2 M/ ;2M/2` U+QMbi2HHiBQMV BM~m2M+2 #2?pBQ` Q7 #mv2`b M/ b2HH2`bX _i?2`
i?M bT2+mHiBM; #Qmi ;2M/2` /Bz2`2M+2b BM BM/BpB/mH H2`MBM;- 7Q` r?B+? i?2`2 2tBbib MQ
Q#pBQmb ?vTQi?2b2b- r2 rMi2/ iQ b22 r?B+? ;2M/2` U+QMbi2HHiBQMV M/ Qi?2` #2?pBQ`H
2z2+ib bm`pBp2 2ti2MbBp2 ;K2 THvBM; 2tT2`B2M+2 M/ r?2i?2` +QM/BiBQMBM; QM ;2M/2` +QM@
bi2HHiBQM +M 2pQHp2 M2rX q2 /B/ MQi 2tT2`BK2MiHHv BM/m+2 BMBiBH 72KH2 ?M/B+T- 2X;X
#v  HQr2` T`K2i2` q Q7 72KH2 i?M Q7 KH2 b2HH2`bX am+? M BMBiBH ?M/B+T bi`QM;Hv ?b
#22M T`2pBHBM; BM i?2 }2H/ /m2 iQ i`/BiBQMH H#Q` /BpBbBQM BM KQbi ?mKM bQ+B2iB2bX
Pm` }M/BM;b /2KQMbi`i2 ?Qr +QM/BiBQMBM; QM ;2M/2` U+QMbi2HHiBQMV Bb z2+i2/ #v ;K2
THvBM; 2tT2`B2M+2 M/ Tbi Qmi+QK2 M/ #2?pBQ`X 6m`i?2`KQ`2- i?2 KBM 2tT2`B2M+2 M/
;2M/2` U+QMbi2HHiBQMV 2z2+ib TTHv iQ bmbTB+BQM- BX2X- i?2 T`B+BM; #2?pBQ` BM i?2 HB;?i Q7 i?2
`2+2Bp2/ pHm2b K2bb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/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bi 2tT2`B2M+2b- /Bz2`BM; 7`QK
#mv2`b- r?Q +QM/BiBQM KQ`2 QM ;2M/2` +QMbi2HHiBQMX
*QKT`2/ iQ Qm` +QKTMBQM TT2` #b2/ QM THvBM;  bBM;H2 BM+2MiBpBx2/ `QmM/ Q7 i?2
JQ/B}2/ +[mB`BM;@@*QKTMv ;K2- BM `2+m`bBp2 THv #v U`M/QKV bi`M;2`b ;2M/2` /Bz2`@
2M+2b 2K2`;2 +`Qbb T?b2bX JH2 M/ 72KH2 T`iB+BTMib H2`M iQ `2+i /Bz2`2MiHv #Qi? iQ
Tbi #2?pBQ` M/ i?2 ;2M/2` Q7 i?2B` i`/BM; T`iM2`X
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/2``2TQ`iBM; 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bQMb `2 ǳQ#b2bbBp2
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iBp2M2bb Q7 pHm2 K2bb;2bǴX M/- KQ`2 7mM/@
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M/ HBF2Hv iQ #2 +`Qr2/ Qmi BM biQ+?biB+ 2MpB`QMK2Mib- 2bT2+BHHv
i?Qb2 BMpQHpBM; bvKK2i`B+ BM7Q`KiBQMX
Pm` 2tT2`BK2MiH rQ`F?Q`b2 HHQrb 7Q` +?M+2 2z2+ib Ui?2 `M/QK pHm2 vV- bvKK2i`B+
BM7Q`KiBQM #Qmi v- #`;BMBM; r?2i?2` iQ i`/2 M/- B7 bQ- ?Qr iQ b?`2 i?2 ;BMb 7`QK
r2H7`2 2M?M+BM; i`/2- rBi? #mv2` T`iB+BTMib i `BbF Q7 bmz2`BM; 7`QK  rBMM2`Ƕb +m`b2-
M/   /m2 iQ Qm` KQ/B}+iBQM   HbQ 7`QK /2+2TiBQM Ub22 :M22xv 2i 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2tT2`BK2Mi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`QMK2Mi +M bQQM2` Q` Hi2` +`Qr/ Qmi Q` i H2bi /Bb+Qm`;2 ii2KTib iQ +QM/BiBQM /2+BbBQM
KFBM; QM ;2M/2` U+QMbi2HHiBQMV- r?B+? Kv MQi T`Qp2 r?2M i?2 +Q;MBiBp2 HQ/ Bb H2bb /2@
K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`+? i?Bb +QmH/ #2 i2bi2/ #v 2tTHQ`BM; 2tT2`B2M+2 M/ ;2M/2`
2z2+ib 7Q` bBKTH2` p2`bBQMb Q7 Qm` b2imT- 2X;X #v 7Q`+BM; b2HH2` T`iB+BTMib iQ ++2Ti r?i2p2`
T`B+2 T`QTQbH- Q` #v KFBM; /2+2TiBp2 +QbiHvX
6`QK  i?2Q`2iB+H T2`bT2+iBp2- Bi Bb b?QrM   b T`2/B+i2/   i?i 2p2M 2ti2MbBp2 ;K2
THvBM; 2tT2`B2M+2 /Q2b MQi BKTHv +QMp2`;2M+2 iQ 2[mBHB#`BmK THv- 2X;X iQ T`B+2 Qz2`b p = q
7Q` q 6 0.5 M/ p = 0 7Q` q > 0.5X L2p2`i?2H2bb #2?pBQ` Bb BKT`Qp2/ #v 2tT2`B2M+2, i?2
rBMM2`Ƕb +m`b2 Bb KQ`2 7`2[m2MiHv pQB/2/- rBi? b2HH2` T`iB+BTMib KQ`2 7`2[m2MiHv `2D2+iBM;
mMT`Q}i#H2 T`B+2 Qz2`b r?B+?- Q7 +Qm`b2- 2t+Hm/2b i`/2 UHi?Qm;? Bi Bb r2H7`2 2M?M+BM;VX
6`QK  i?2Q`2iB+H T2`bT2+iBp2- Bi HbQ KB;?i #2 BMi2`2biBM; QM ?Qr i?2 `2+m`bBp2 THv Q7
i?2 JQ/B}2/ +[mB`BM;@@*QKTMv ;K2 rQmH/ 2pQHp2 B7 T`iB+BTMib `2 +QMbiMiHv TB`2/
mT rBi? i?2 bK2 T`iB+BTMi BM i?2 Qi?2` `QH2X qQmH/ b2HH2` T`iB+BTMib BMBiBHHv bB;MH
i?2 i`mi? M/ brBi+? iQ ǳKFBM; mTǴQMHv r?2M TT`Q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bi `QmM/\ qQmH/ #mv2`
T`iB+BTMib BMBiBHHv #2HB2p2 BM i?2 i`mi? Q7 vˆ 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HHv\
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 b+2M`BQ /Q2b
MQi b22K p2`v `2HBbiB+, r?2M bm++2bbBp2Hv #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/QM2 #v i?2 bK2 T`iB2bX
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b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_2pB2r- NdU9V- Rkd3X
*`QbQM- _X- M/ :M22xv- lX UkyyNVX ǳ:2M/2` /Bz2`2M+2b BM T`272`2M+2b Ǵ- CQm`MH Q7 1+QMQKB+
HBi2`im`2- 993@9d9X
.B *;MQ- .X- :HHB2`- X- :Ƀi?- qX- S+2- LX- M/ SM++BQM2- GX UkyR8VX ǳJF2@lT M/
ambTB+BQM BM #`;BMBM; rBi? +?2T iHF, M 2tT2`BK2Mi +QMi`QHHBM; 7Q` ;2M/2` M/
;2M/2` +QMbi2HHiBQMǴ- h?2Q`v M/ .2+BbBQM- 7Q`i?+QKBM;X
.Bii`B+?- .X X- "Ƀ+?M2`- aX- M/ EmH2bx- JX JX UkyR8VX ǳ.vMKB+ `2T2i2/ `M/QK /B+iiQ`@
b?BT M/ ;2M/2` /Bb+`BKBMiBQM Ǵ- CQm`MH Q7 "2?pBQ`H M/ 1tT2`BK2MiH 1+QMQKB+b-
88- 3R@NyX
.`2#2`- X- M/ CQ?MM2bbQM- JX Ukyy3VX ǳ:2M/2` /Bz2`2M+2b BM /2+2TiBQM Ǵ- 1+QMQKB+b
G2ii2`b- NNURV- RNd@RNNX
1`i- aX- M/ :M22xv- lX UkyRRVX ǳq?Bi2 GB2bǴ- JM;2K2Mi a+B2M+2- 3U9V- dkj@djjX
kd
6Bb+?#+?2`- lX UkyydVX ǳx@h`22, wm`B+? iQQH#Qt 7Q` `2/v@K/2 2+QMQKB+ 2tT2`BK2MibǴ-
1tT2`BK2MiH 1+QMQKB+b- RyUkV- RdR@Rd3X
:M22xv- lX- _Q+F2M#+?- "X- M/ a2``@:`+B- JX UkyRjVX ǳJ2bm`BM; HvBM; p2`bBQMǴ- CQm`@
MH Q7 1+QMQKB+ "2?pBQ`  P`;MBxiBQM- Nj- kNj@jyyX
:`2BM2`- "X Ukyy9VX ǳh?2 QMHBM2 `2+`mBiK2Mi bvbi2K P_a11 kXy @  ;mB/2 7Q` i?2 Q`;MBxiBQM
Q7 2tT2`BK2Mib BM 2+QMQKB+bǴ- qQ`FBM; ST2` a2`B2b BM 1+QMQKB+b Ry- lMBp2`bBiv Q7
*QHQ;M2- .2T`iK2Mi Q7 1+QMQKB+bX
>`bMvB- CX*X URNed@RNe3VX ǳ:K2b rBi? AM+QKTH2i2 AM7Q`KiBQM SHv2/ #v "v2bBM SHv@
2`bǴ- JM;2K2Mi a+B2M+2- R9- R8N@R3k US`i AV- jky@jj9 US`i AAV- 93e@8yk US`i AAAVX
>K- CX *X- M/ E;2H- CX >X UkyyeVX ǳ:2M/2` 2z2+ib BM T`Bpi2 pHm2 m+iBQMb Ǵ- 1+QMQKB+b
G2ii2`b- NkUjV- jd8@j3kX
>Qmb2`- .X- o2ii2`- aX- M/ qBMi2`- CX UkyRkVX ǳ6B`M2bb M/ *?2iBM;Ǵ- 1m`QT2M 1+QMQKB+
_2pB2r- 8e U3V- Re98@Re88X
P`iKMM- X M/ hB+?v GX URNNNVXǳ:2M/2` /Bz2`2M+2b BM i?2 H#Q`iQ`v, 2pB/2M+2 7`QK
T`BbQM2`Ƕb /BH2KK ;K2bǴ- CQm`MH Q7 1+QMQKB+ "2?pBQ` M/ P`;MBxiBQM- jNUjV-
jkd@jjNX
aKm2HbQM- qX6X- "x2`KM- JX >X- URN38VX ǳL2;QiBiBQM mM/2` i?2 rBMM2`Ƕb +m`b2Ǵ- BM
aKBi?- oX U2/XV _2b2`+? BM 1tT2`BK2MiH 1+QMQKB+b- oQHX AAAX
oHH2v EXGX- JQ;- CX- M/ "x2`KM JX>X URNN3VX ǳǶ Kii2` Q7 i`mbiǶ, 1z2+ib Q7 +QKKm@
MB+iBQM QM i?2 2{+B2M+v M/ /Bbi`B#miBQM Q7 Qmi+QK2bǴ- CQm`MH Q7 1+QMQKB+ "2?pBQ`
M/ P`;MBxiBQM- j9- kRR@kj3X
oHH2v EX- h?QKTbQM- GX- :B##QMb- _X- M/ Jt >X "x2`KM URNN3VX ǳ>Qr *QKKmMB+iBQM
AKT`Qp2b 1{+B2M+v BM "`;BMBM; :K2bǴ- :K2b M/ 1+QMQKB+ "2?pBQ`- j3- Rkd@R88X
k3
TT2M/Bt - h#H2b
kN
h#H2 RR, hBK2 Ub2+QM/bV 7Q` ++2TiM+2 #v p- q- 2tT2`B2M+2 M/ ;2M/2`
1`Hv bi;2 AMi2`K2/Bi2 bi;2 Gi2 bi;2 HH `QmM/b hi2bib, 1`Hv@Gi2
6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi?
p  qv eX9y eXky eXjy jXey jX9R jX8y kXej jXRj kX33 9Xy3 9XR9 9XRR UyXyyV UyXyyV UyXyyV
UyXejV UyX9dV UyXydV UyXd9V
v > p > qv dXj9 eX38 dXRy 8Xyy 9Xee 9X3j jXd8 jX9d jXey 8X99 8XyR 8Xkk UyXyyV UyXyyV UyXyyV
UyXkdV UyXj3V UyX99V UyXy3V
p   v eXe3 8X3k eXkj jXN9 9XR3 9Xy8 jXRN kX89 kX3d 9Xde 9X9y 9X83 UyXyyV UyXyyV UyXyyV
UyXReV UyX89V UyXyNV UyXkjV
"v H2p2H Q7 [, q  50
1`Hv bi;2 AMi2`K2/Bi2 bi;2 Gi2 bi;2 HH `QmM/b hi2bib, 1`Hv@Gi2
6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi?
p  qv eXR9 eXky eXRe jX33 jXR3 jX8j kX8e jXR3 kX3e 9XyN 9Xye 9Xyd UyXyyV UyXyyV UyXyyV
UyXNkV UyXR9V UyXR8V UyXN9V
v > p > qv dX98 dXyk dXk9 9Xd9 9Xek 9Xe3 jX3e jX8j jXeN 8X9y 8Xy3 8Xk9 UyXyyV UyXyyV UyXyyV
UyXjNV UyXdeV UyX9RV UyXk9V
p   v dXRN 8X9R eXkd jXRy jXNe jX8j kXjN kXR9 kXke 9X8d 9Xyd 9Xjk UyXyyV UyXyyV UyXyyV
UyXyNV UyXRRV UyX8jV UyXjkV
"v H2p2H Q7 [, q > 50
1`Hv bi;2 AMi2`K2/Bi2 bi;2 Gi2 bi;2 HH `QmM/b hi2bib, 1`Hv@Gi2
6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi?
p  qv eXey eXky eX9y jX9j jX89 jX9N kXe3 jXyN kX33 9Xyd 9XRN 9XRj UyXyyV UyXyyV UyXyyV
UyX93V UyXdkV UyXk9V UyXejV
v > p > qv eX3e 8XNk eX99 eXky 9X3N 8X89 jXyN jXkR jXRe 8Xej 9Xe9 8XRj UyXyyV UyXyyV UyXyyV
UyXj8V UyXkeV UyX3eV UyXyNV
p   v eXky eXkR eXkR 9X8k 9Xje 9X99 jX3R kX3N jXj3 9XNk 9XeN 9X3R UyXyyV UyXyyV UyXyyV
UyXNNV UyXddV UyXRkV UyX89V
LQi2b, S@pHm2b BM T`2Mi?2bBb, r2 `mM i2bib #Qi? 7Q` biiB+ ;2M/2` /Bz2`2M+2b U#Qp2 2+? Q#b2`piBQMV M/ /vMKB+ /Bz2`2M+2b +`Qbb T2`BQ/b 7Q` KH2- 72KH2 M/ TQQH2/
bKTH2 UHbi i?`22 +QHmKMb QM i?2 `B;?iVX
jy
h#H2 Rk, hBK2 Ub2+QM/bV 7Q` T`B+2 T`QTQbHb #v #mv2` T`iB+BTMib- b2T`i2Hv 7Q` T?b2 M/ ;2M/2`
1`Hv bi;2 AMi2`K2/Bi2 bi;2 Gi2 bi;2 HH `QmM/b hi2bib, 1`Hv@Gi2
6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi?
p  qvˆ RRXj8 RRX33 RRXeR 3XkR 3Xek 3X9R eXek eXe8 eXej 3X8k 3X39 3Xe3 UyXyyV UyXyyV UyXyyV
UyXjjV UyXjyV UyXNjV UyXkjV
qvˆ < p < (1+q)vˆ2 R9Xyj RkX3j RjX9k RyX8R NXk3 NXNy dX3R dX3R dX3R RyXNd RyXRj RyX88 UyXyyV UyXyyV UyXyyVUyXy3V UyXydV URXyyV UyXyjV
(1+q)vˆ
2  p < vˆ RRXj9 ReXyd RjX9j dXN8 NXdR 3X3N eX9R eX3R eXey NXej RkX99 RyXNe UyXyyV UyXyyV UyXyyVUyXyyV UyXk8V UyXdeV UyXyRV
p   vˆ R9XNk RRXey RjXkk 3XRd RRXey RyXjR NXRd RRX83 RyXj3 RkX8y RRXey RkXyR UyXyRV UyXNNV UyXyeV
UyXykV UyXk8V UyXj9V UyX98V
"v H2p2H Q7 [, q  50
1`Hv bi;2 AMi2`K2/Bi2 bi;2 Gi2 bi;2 HH `QmM/b hi2bib, 1`Hv@Gi2
6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi?
p  qvˆ RRXk9 RRXdR RRX9d 3Xyj dX9y dXdy eXyd eXjk eXky 3Xky 3XyN 3XR8 UyXyyV UyXyyV UyXyyV
UyXeRV UyXjyV UyXeRV UyXddV
qvˆ < p < (1+q)vˆ2 RjXjj RkXek RkXNd RyXk8 NXyN NXee dX8d dXdd dXe3 RyX89 NX3d RyXky UyXyyV UyXyyV UyXyyVUyXjRV UyXRkV UyXdkV UyXRyV
(1+q)vˆ
2  p < vˆ RRXkN ReXy8 RjX9y dXkj NXej NXee eXyN eXde eX98 NX9d RkX8k RyX3N UyXyyV UyXyyV UyXyyVUyXyyV UyXRdV UyXe9V UyXyRV
p   vˆ R8XRe RkXk8 RjX3j eXyy NXed 3Xjk eX9y R9X9j RRXy3 RRXe3 RRX3y RRXd9 UyXykV UyX99V UyXk9V
UyXkjV UyXkeV UyXykV UyXN8V
"v H2p2H Q7 [, q > 50
1`Hv bi;2 AMi2`K2/Bi2 bi;2 Gi2 bi;2 HH `QmM/b hi2bib, 1`Hv@Gi2
6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi?
p  qvˆ RRX9R RRXNe RRXeN 3Xjy NXj8 3X3y eXNe eX33 eXNk 3Xdy NXkN 3XNN UyXyyV UyXyyV UyXyyV
UyX9kV UyXy8V UyX33V UyXy3V
qvˆ < p < (1+q)vˆ2 RdXkR RjXeR R8Xkj RRXeN RyXjd RRXRR 3XN3 3XRe 3Xee RkXNj RRX8k RkXke UyXyyV UyXyyV UyXyyVUyXy3V UyX9RV UyX8NV UyXkRV
(1+q)vˆ
2  p < vˆ RRXed ReXkk RjXek RRXed NX3d RyXj3 dX9j 3Xyy dX8y RyX93 RkXy3 RRXk3 UyXy8V X UyXykVUyXRjV UyXeRV X UyX9RV
p   vˆ R9Xe3 RRXRd RkXdk RRXky R9X8y RjXkj RRXky R9X8y RjXkj RjXjk RRX9R RkXk3 UyXR3V UyXk8V UyXRjV
UyXyeV UyX88V UyX88V UyXk8V
LQi2b, S@pHm2b BM T`2Mi?2bBb, r2 `mM i2bib #Qi? 7Q` biiB+ ;2M/2` /Bz2`2M+2b U#Qp2 2+? Q#b2`piBQMV M/ /vMKB+ /Bz2`2M+2b +`Qbb T2`BQ/b 7Q` KH2- 72KH2 M/ TQQH2/
bKTH2 UHbi i?`22 +QHmKMb QM i?2 `B;?iVX
jR
h#H2 Rj, hBK2 7Q` K2bb;2 #v i`mi?i2HHBM;- Qp2`biiBM; M/ mM/2`biiBM;
1`Hv bi;2 AMi2`K2/Bi2 bi;2 Gi2 bi;2 HH `QmM/b hi2bib, 1`Hv@Gi2
6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi?
v = vˆ RyX9d RyXN3 RyXdk eXN9 dXRN dXy3 8Xjj 8Xed 8X8k dXey dXd9 dXe3 UyXyyV UyXyyV UyXyyV
UyX9eV UyX8dV UyXk8V UyXe8V
Qp2`biiBM; pHm2 Q7 v RRXR3 RRXey RRX9y dXd8 dXNj dX39 eXRN eXjy eXk9 3Xjy 3Xjy 3X9e UyXyyV UyXyyV UyXyyV
UyXRdV UyX98V UyXeyV UyXy9V
mM/2`biiBM; pHm2 Q7 v RjXjR RkXed RjXy8 3Xj3 3Xe3 3X8k eXj3 eXej eX9N NX33 NX83 NXd8 UyXyyV UyXyyV UyXyyV
UyX9jV UyXejV UyXejV UyX8RV
"v H2p2H Q7 [, q  50
1`Hv bi;2 AMi2`K2/Bi2 bi;2 Gi2 bi;2 HH `QmM/b hi2bib, 1`Hv@Gi2
6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi?
v = vˆ NXdy RyX3e RyXkd eX83 dXRy eX3e 8Xkd 8X33 8X8N dXRN dX3R dX8R UyXyyV UyXyyV UyXyyV
UyXRdV UyXjdV UyXRjV UyXRkV
Qp2`biiBM; pHm2 Q7 v RRXkR RRX8e RRXjN dX98 dXdN dXek eXyd eXj3 eXkk 3XRN 3Xej 3X9R UyXyyV UyXyyV UyXyyV
UyX9RV UyXjyV UyXkeV UyXy8V
mM/2`biiBM; pHm2 Q7 v RjXRe RkX3y RjXyk 3X3N 3Xke 3Xey 8XN8 eX88 eXkj NX3e NXjR NXek UyXyyV UyXyyV UyXyyV
UyXdjV UyX9yV UyXk8V UyXj9V
"v H2p2H Q7 [, q > 50
1`Hv bi;2 AMi2`K2/Bi2 bi;2 Gi2 bi;2 HH `QmM/b hi2bib, 1`Hv@Gi2
6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi? 6 J "Qi?
v = vˆ RRX8k RRXRe RRXj8 dX9y dXjy dXj8 8X9j 8X9R 8X9k 3XRd dXee dXNy UyXyyV UyXyyV UyXyyV
UyXdeV UyX33V UyXN8V UyXjkV
Qp2`biiBM; pHm2 Q7 v RRXR9 RRXe9 RRX9y 3Xy8 3XRy 3Xyd eXjj eXky eXke 3X9R 3Xek 3X8R UyXyyV UyXyyV UyXyyV
UyXk9V UyXNyV UyXedV UyXjeV
mM/2`biiBM; pHm2 Q7 v RjXe8 RkX9j RjXRR dXyN NXee 3Xjj dXkN eX3e dXRk NXNj RyXR3 RyXy9 UyXyyV UyXyyV UyXyyV
UyXjRV UyXykV UyXd9V UyXd8V
LQi2b, S@pHm2b BM T`2Mi?2bBb, r2 `mM i2bib #Qi? 7Q` biiB+ ;2M/2` /Bz2`2M+2b U#Qp2 2+? Q#b2`piBQMV M/ /vMKB+ /Bz2`2M+2b +`Qbb T2`BQ/b 7Q` KH2- 72KH2 M/ TQQH2/
bKTH2 UHbi i?`22 +QHmKMb QM i?2 `B;?iVX
jk
h#H2 R9, qBMM2`Ƕb +m`b2- K2bm`2/ #v /Bz2`2M+2b BM 2`MBM;b M/ T`B+2b
.Bz2`2M+2 #2ir22M QTiBKH 2`MBM; M/ +imH 2`MBM;
q H2p2Hb RyW kyW jyW 9yW 8yW eyW dyW 3yW NyW
HH `QmM/b kkXye R8XRy RyXk8 8XRy @kXRR yXke jXey 9XNR eXkj
1`Hv bi;2 k9XNd ReXj8 RRXRR 9Xey @RXjN yXke jXj9 dXy8 eXe8
AMi2`K2/Bi2 bi;2 kRX99 RjXRN NXe3 jX8k @jXRR @yXj8 jX39 9Xye dXR9
Gi2 bi;2 RNXdd R8XNR NXNy dXyy @RXN3 yXNy jXej jXdN 9X3N
i@i2bi 1 p2`bmb G US@pHm2V UyXy8V UyX3eV UyX8kV UyXkRV UyXdyV UyXe9V UyX3RV UyXyRV UyXRdV
.Bz2`2M+2 #2ir22M QTiBKH T`B+2 M/ +imH T`B+2
q H2p2Hb RyW kyW jyW 9yW 8yW eyW dyW 3yW NyW
HH `QmM/b @d-e9 @y-ej e-y8 Rj-3j kR-ey @jR-jj @jR-9N @j9-9k @je-k3
1`Hv bi;2 @Ry-ej @k-dd 9-8N N-e3 R3-kd @jj-Re @jj-NN @j3-Ry @jN-N9
AMi2`K2/Bi2 bi;2 @d-e9 @y-ek e-RN R9-jd ky-d3 @jR-3N @jR-kR @j8-yR @je-3y
Gi2 bi;2 @9-dR R-Ny d-9R Re-dd ke-yN @k3-Nk @kN-kj @jy-jR @jk-jR
i@i2bi 1 p2`bmb G US@pHm2V UyXyyV UyXyyV UyXyjV UyXyyV UyXyyV UyXyRV UyXyyV UyXyyV UyXyyV
LQi2b, S@pHm2b BM T`2Mi?2bBb, r2 `mM i2bib 7Q` /vMKB+ /Bz2`2M+2b +`Qbb T2`BQ/bX
jj
TT2M/Bt "- AMbi`m+iBQMb
j9
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Introduction 
Welcome to our experiment! 
During this experiment you will be asked to make several decisions and so will the other 
participants. 
Please read the instructions carefully. Your decisions, as well as the decisions of the other 
participants will determine your earnings according to some rules, which will be shortly explained 
later. In addition to your earnings from your decisions over the course of the experiment, you will 
receive a participation fee of 10 euro. Besides this amount, you can earn more euro. However, there 
is also a possibility of losing part of the participation fee, as it will be explained in the next section 
of these instructions. But do not worry: you will never be asked to pay with your own money, as 
your losses during the tasks will be covered by the participation fee. The participation fee and any 
additional amount of money you will earn during the experiment will be paid individually 
immediately at the end of the experiment; no other participant will know how much you earned. All 
monetary amounts in the experiment will be computed in ECU (Experimental Currency Units). At 
the end of the experiment, all earned in ECUs will be converted into euro using the following 
exchange rate: 
30 ECU= 1 euro 
You will be making your decisions by clicking on appropriate buttons on the screen. All the 
participants are reading the same instructions and taking part in this experiment for the first time, as 
you are. 
Please note that hereafter any form of communication between the participants is strictly prohibited. 
If you violate this rule, you will be excluded from the experiment with no payment. If you have any 
questions, please raise your hand. The experimenter will come to you and answer your questions 
individually.  
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Description of the Experiment 
This experiment is fully computerized. This experiment consists of the following four phases, each 
composed by a different number of rounds: Phase I of 1 round, Phase II of 30 rounds, Phase III 
of 12 rounds, and Phase IV of  10 rounds. After completing Phase I, you will proceed to Phase II; 
after completing Phase II, you will proceed to Phase III; after completing Phase III you will proceed 
to Phase IV. You can earn money in each phase of the experiment. 
At the beginning and at the end of the Experiment, you are asked to reply to a short questionnaire. 
At the beginning of the Experiment, each participant is randomly assigned one of two possible 
roles. Half the participants will be assigned the role of Buyer; the other half will be assigned the 
role of Seller. You will remain in the same role you have been assigned throughout the experiment.  
In each of Phase I, II and III and in each of their rounds you will be matched with a different 
participant randomly assigned to you. In Phase IV you will decide individually and independently 
of your role. 
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Description of the Task – Phase I 
In Phase I selling of a firm between a Seller, who owns the firm, and Buyer can take place. You will 
be told if you are Buyer or Seller, and will be matched with one of the other participant in the other 
role. For example, if you are selected as Buyer, then you will be randomly and anonymously 
matched with another participant who is a Seller. 
The computer will randomly select the value of the firm among the following values:  5, 10, 15, 20, 
25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90 and 95 (all the values are equally likely). This 
value will be communicated only to the Seller. The Buyer will not learn the value of the firm 
selected randomly by the computer. 
The Seller’s evaluation of the firm is proportional to the value of the firm selected by the computer. 
This proportion will be randomly selected by the computer and can only take one of the following 
values: 10, 20, 30, 40, 50, 60, 70, 80 or 90 percent (all the values are equally likely). The Seller’s 
evaluation is the value of the firm multiplied by the selected proportion. The proportion will be 
communicated to both, Buyer and Seller, whereas the value of the firm will be known only to the 
Seller. Do not worry: the software will provide the information on the decision screen, depending 
on your role, Seller or Buyer.  
As an example, suppose that the computer selected a value of the firm equal to 90 and a proportion 
of 50 percent, so that the Seller’s evaluation of the firm will be 45, corresponding to 50 percent of 
90. In this case, the Seller will find on the screen of the computer that the value of the firm is 90, the 
proportion is 50 percent and that the Seller’s evaluation is 45; the Buyer will find on the screen 
only the proportion of 50 percent. Another example: suppose that the computer selected a value of 
the firm equal to 90 and a proportion of 80 percent. In this case, the Seller’s evaluation will be equal 
to 72, corresponding to 80 percent of 90. In this case, the Seller will find on the screen of the 
computer that the value of the firm is 90, the proportion is 80 percent and that the Seller’s 
evaluation is 72; the Buyer will find on the screen only the proportion of 80 percent. 
The Seller sends a value message to the Buyer about the value of the firm, which can be either true 
or false. Therefore, the value message is not necessarily equal to the firm value nor to the Seller’s 
evaluation of the firm. The message consists of an integer value between 0 and 100. 
After having received the message, the Buyer makes a take-it-or-leave-it offer to the Seller by 
proposing a price, an integer number between 0 and 100. When making this offer, the Buyer just 
knows the value message and by which proportion of the value the Seller evaluates the firm.  
After having received the price offer of the Buyer, the Seller decides whether to accept it or not. If 
she accepts, the firm will be sold for the offered price to the Buyer. If she does not accept, no trade 
takes place. After the Seller has decided, the payoffs of Buyer and of Seller are calculated and 
individually communicated at the end of Phase I. These payoffs are calculated as explained below 
and they are paid to all participants at the end of the experiment. 
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Calculation of the payoff in Phase I 
The payoff of the unique round in Phase I does not depend on the value message and is calculated 
as follows: 
If the Seller has accepted the offered price, the payoffs are:  
x The Buyer earns the difference between the value of the firm and the accepted price 
x The Seller earns the difference between the accepted price and the Seller’s evaluation of the 
firm 
An example: suppose that the firm value is equal to 45 and that the proportion of the firm value is 
80 percent, so that the Seller’s evaluation of the firm is 36. Suppose the Buyer offer a price equal to 
40, and that the Seller accepts it. In this case, the Buyer earns 45 – 40 = 5, and the Seller earns 40 – 
36 = 4.  
Another example: suppose that the firm value is equal to 45 and that the proportion of the firm 
value is 80 percent, so that the Seller’s evaluation of the firm is 36. Suppose the Buyer offers a price 
equal to 55, and that the Seller accepts it. In this case, the Buyer earns 45 – 55 = - 10, and the Seller 
earns 55 – 36 = 19. 
If the Seller does not accept the Buyer’s offer, the payoffs are 0 for both Seller and Buyer.  
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Description of the Task – Phase II 
In Phase II, you will face for 30 rounds the same situation as in Phase I. As in the previous Phase, in 
each of the rounds you will be matched with a different participant randomly assigned to you. 
The same instructions as in Phase I apply to Phase II, also the calculation of the payoffs. 
The payment from this Phase will consist of the payoff of one of the 30 rounds randomly 
selected. For example, if round number five is selected, your payment for Phase II will be the 
payoff you earned in that round. 
 
Calculation of the payoff in each round in Phase II 
The payoff of each round in Phase II does not depend on the value message and is calculated as 
follows: 
If the Seller has accepted the offered price, the payoffs are:  
x The Buyer earns the difference between the value of the firm and the accepted price 
x The Seller earns the difference between the accepted price and the Seller’s evaluation of the 
firm 
An example: suppose that the firm value is equal to 45 and that the proportion of the firm value is 
80 percent, so that the Seller’s evaluation of the firm is 36. Suppose the Buyer offer a price equal to 
40, and that the Seller accepts it. In this case, the Buyer earns 45 – 40 = 5, and the Seller earns 40 – 
36 = 4.  
Another example: suppose that the firm value is equal to 45 and that the proportion of the firm 
value is 80 percent, so that the Seller’s evaluation of the firm is 36. Suppose the Buyer offers a price 
equal to 55, and that the Seller accepts it. In this case, the Buyer earns 45 – 55 = - 10, and the Seller 
earns 55 – 36 = 19. 
If the Seller does not accept the Buyer’s offer, the payoffs are 0 for both Seller and Buyer. 
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Description of the Task – Phase III 
In Phase III, you will face for 12 rounds the same situation as in Phase I. As in the previous Phase, 
in each of the rounds you will be matched with a different participant randomly assigned to you. 
The same instructions as in Phase I apply to Phase III. 
At the beginning of the Phase you will be asked if you prefer to be paid on the basis of the payoff of 
one of the 12 rounds randomly selected or on the basis of the average payoff of the 12 rounds. 
On the basis of your choice, the computer will calculate your payoff for this Phase. 
 
Calculation of the payoff in each round in Phase III 
The payoff of each round in Phase II does not depend on the value message and is calculated as 
follows: 
If the Seller has accepted the offered price, the payoffs are:  
x The Buyer earns the difference between the value of the firm and the accepted price 
x The Seller earns the difference between the accepted price and the Seller’s evaluation of the 
firm 
An example: suppose that the firm value is equal to 45 and that the proportion of the firm value is 
80 percent, so that the Seller’s evaluation of the firm is 36. Suppose the Buyer offer a price equal to 
40, and that the Seller accepts it. In this case, the Buyer earns 45 – 40 = 5, and the Seller earns 40 – 
36 = 4.  
Another example: suppose that the firm value is equal to 45 and that the proportion of the firm 
value is 80 percent, so that the Seller’s evaluation of the firm is 36. Suppose the Buyer offers a price 
equal to 55, and that the Seller accepts it. In this case, the Buyer earns 45 – 55 = - 10, and the Seller 
earns 55 – 36 = 19. 
If the Seller does not accept the Buyer’s offer, the payoffs are 0 for both Seller and Buyer. 
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Description of the Task – Phase IV 
Phase IV consists of 10 rounds; during this Phase you won’t interact with other participants. During 
this Phase you are asked to choose between pairs of lotteries. In particular, in each round for each 
lottery pair you have to assess which one you would prefer to play. 
At the end of the experiment, one round will be randomly selected for payment, and the computer 
will play on your screen the lottery that you have preferred in this round. The payment of Phase IV 
is given by the result of this lottery. 
 
Your Final Payment 
Your final payment will be displayed on the screen at the end of the experiment. It is determined as 
the sum of: 
x Payoff from the unique round in Phase I (in euro) 
x Payoff from one randomly selected round  in Phase II (in euro) 
x Payoff from EITHER one randomly selected round OR an average payment between 12 
rounds from  Phase III (in euro) 
x Payoff from one randomly selected round in Phase IV (in euro) 
x Participation fee.  
 
 
 
 
